ADDUCTS OF LEVULI NI C DERI VATI VES W TH EPDXI DI ZED FATTY ACI D ESTERS AND
USES THEREOF 5CROSS- REFERENCE TO RELATED APPLI CATIONS: This application
clainms the benefit of United States Provisional Patent Application No. US
60/ 739, 022, entitled "Adducts of Levulinic Derivatives with Epoxidized
Fatty Acid Esters and Uses Thereof', filed on Novenber 22, 2005, which is
i ncorporated by reference in its entirety herein. 10 TECHNI CAL FI ELD The

present disclosure relates t%ﬁmxﬁf ion..qf . from

| evulinic esters a#aDQEJﬁ ar QB@ER&S{’% Vg@}'ﬂ Eﬁgwﬁe
conpounds are useful as rggepeilEPESTRRS- A a5y pEEREGERrs for a variety
of polyners. 15 BACKGROUND Pl asticizers for various polyners are

wi dely known in the art. Mst of the plasticizing conmpounds are produced
from pet ol eum der | ughRfFHRFNTI o/ RELATRIPRPELYCATIGNRON- T enevabl e.
Certain plasticizer conpounds are prepare rom 20r évi ewabl e raw material s
such as tri gl ycemhieppldatioe gietatthe baicfisof Wiisd SatesProyisiopd fiatgat i on of

unsaturated fatty. acid 3 : v i di ' j des have
ol ani 1 cant ATRIFHERIND S AR R eas s AL s R pibsanat 20

pl asti ci zer spohRIBAREFEtY AEidEseanmatisei Théryofthi filbd moNy(anmtrey 2,006y i de) ( PVO)
polyners is limted. Certain esters of al i&)Ba.tj c dicarboxylic acids such
as esters ofvhiehigancerreriedhwreirencs & HerLrdY B¥8%uced from vari ous
unsaturaied fatty acid conpounds. Such dicarboxylic acids have excell ent
pl asticizing properties. However, due to the conplexity of synthesis

i nvol ved or raw material costs, THSGENEEARABEID i ¢ acids are relatively
expensi ve and usegql. a5 B A IR TALUEL S diibdBPIcFAMIANS doRfpsitdedrohor use at

| ow t enper at ur es. . _
Jevulinic esters and epoxidized unsaturated fatty acid esters. The compounds are

usefirl as renewable biomass-based plasticizers for a variety of polymers.
15
BACKGROUND
Plasticizers for various polymers are widely known in the art. Most of the
plast_icizing. compounds are produced from petrolemn—derived feedstocks that are
expensive and non-renewable. Certain plasticizer compounds are prepared ﬁ'om
20 reviewable raw materials such as triglycerides of vegetable oils, typically by
epoxidation of unsaturated fatty acid fragments. However, epoxidized triglycerides
have significant limitations and cannot be satisfactorily used as primary plasticizers,
because their compatibility with poly(vinyl chioride) (PVC) polymers is limited.
. Certain esters of aliphatic dicarboxylic acids such as esters of sebacic and
25  azelaic acids ére produced from various unsaturated fatty acid compounds. Such
dicarboxylic acids have excellent plasficizing properties. However, due to the
complexity of synthesis involved or raw material costs, su_ch dicarboxylic acids are

relatively expensive and used as premium products in applications intended for use

at low temperatures.



Certain known plasticizer conpounds used in industrial practice, such as
esters of phosphoric acid and al kyl ated phenols, are harnful to the

envi ronnment and confer unpleasant odors to finished products and cause
harnful air pollution. Comonly used in plasticizing PVC, esters of

pht hal i c acid have been 5recently inplicated as endocrine disruptors
responsi bl e for r ntf ul i N K Setiod) dudHagans, and
for male reprodug%W@@%F8§§@F§@&%%°ﬁ§ ﬁ@?ﬁ%ﬁjﬂg$?#%ﬂ?gr.'{t is therefore
desi rabl e t cusproMiphesphbasdid sl aligyleedpouniisare harmilite the envIrpESHE RS ve,

-toxic, de f l e . dant | : : 10
G onment aiont BARERSH oG Dt LT A CR BT AFT D RRbR i RIRIOR T ot ects

SUMVARY Est &f o 5asmeuidsn sheaidhisc vepehtahefphthatic vad Saxdtiegn pl asti ci zers
wi th good conpatibility w th many ,pol?/rre_rs. The .ester Zoeryéo(ﬁgpée are
produced 3 r oweerBlabupkicated 28 ARAGCHBSHENRIOTT STRORERI ST AR FPRP Rl 1y as

unsaturated fatty ac qlsec,ﬁgﬁ@aﬁpgﬂ By #hichEfodeiive ©8icay $n hbpansj ge groups of
nonoepoxi di Zed insatur at e atty acid esters are reacted with levulinic

esters in theredsence of a suitable catalyst, typically a protic acid or
a Lewis acid, to for L : b Nl St mPbutlishiyAeexyl ated fatty
acid esters. Sinif éfrtﬂ%ftéﬁfeztéfglpﬁ)frlﬁ %%\zgﬁlg%elgsttgr s;n%r eggt_ Wi th bis-epoxi di zed
and tris- 20inepeKkids, zefl s aade fivedrehavdbie Aondinbrpapaicidls.apd§a¥s om

unsaturated fatty acid esters having.two. . ds, thereby
yi el di ngl®or FEEpBReRtAlpr Q‘K%PQ?BC‘%%H’SW?@{Y@S éﬁ?f%?%lﬁf%ﬁ% ly, levulinic
acid and angelical actone can be used in conbination or in place of -

| evulinic acid ester in reactions w.th gﬁé} di zed unsaturated fatty acid
esters. Adducts of levulinic acid eé%@ﬁ epoxi di zed 25unsaturated fatty

acid are usef ul aﬁstg‘lc@ﬁl Wk SFetif seditabde Rerddtild pldstRizetsakitipgdodmer s.
~ Exanpl es of conpounds prepared fromlevulinic acjd est l.evul i ni ¢ acid,

r ) -
and/ or angel campatibtloynwithnunapokEpes &hzéﬁewwmdé@éﬁ'&f?g‘tﬁ 98 d can
I ncl ude E € tabournggrlzt%ﬁd in%xnlgengibg reﬁxg&rQML Bhaterials such as unsaturated fatty acid esters

and levulinic acid esters. Epoxide groups of monoepoxidized unsaturated fatty acid

—

=

esters are reacted with Ievulinic esters in the presence of a suitable catalyst, typically
a protic acid or a Lewis acid, to form ketals of levulinic esters of dihydroxylated
fatty acid esters. Similarly, levulinic acid esters react with bis-epoxidized and tris-

20  cpoxidized unséturated fatty acid esters derived from unsaturated fatty acid esters
having two or three“doﬁble bonds, thereby vielding corresponding bis-ketals and
tris-ketals. Additionally, levulinic acid and angelicalactone can be used in
combination or in place of levulinic acid ester in reactions with epoxidized
unsaturated fatty acid esters. Adducts of levulinic acid ester and epoxidized

25  unsaturated fatty acid are useful as plasticizers for a range of industrial polymers.

Examples olf compounds prepared from levulinic acid ester, levulinic acid,

and/or angelicalactone and an epoxidized unsaturated fatty acid can include the

o |
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(CHa)e-A

formula;
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wherein X is selected fromthe followng: (CH2)mB 0 R3 (CH2),,-A 511-
R30(CH2) -B ( (OF12)n-A ; 10 and wherein RI and R3 are independently a
Cl-C10 linear or branched al kyl or al koxyal kyl; one of A or B is hydrogen
and the other is an esterified carboxy group; and n and mare
i ndependently integers fromO to 20, and the value of the sumof mtn is in
t he range fr ﬁf{j ,_ﬁ% wherein RI and R2 are independently a 01-Cl10

d yl or

| i near or branc al koxyal l cyl. In sone enbodi nents, R and R2
can be nmethyl, ethyl, n-butyl, |sobuty X i soanmyl, or 2-ethyl hexyl.
The conpounds can al so be used as a sticizer with a base polymer in a5

pl astici zed pol yner conposition. A bj) Lymer can i ncl ude vinyl chloride

wherein X is selected from the following:

(CHZ)m“B

—g—«m A
o

5 | .

(CH2)m‘A

A ict-mn

R0 (CHp) B

, and

]

B

(CHa)nA
16 and wherein R! and R are independently a C;-Cyp linear or branched alkyl or

alkoxyalkyl;, one of A or B is hydrogen and the other is an esterified carboxy group;

and n and m are independently integers from 0 to 20, and the value of the sum of

m+n is in the range from 8 to 21.



pol ymers, poly(3-hydroxyal kanoates), poly(lactates), and pol ysacchari de
polyners. The details of one or nore enbodinents of the invention are set
forth in the acconpanying drawi ngs and the description below. O her
features, objects, and 10 advantages of the invention will be apparent
fromthe description and drawi ngs, and front the cl ainms. DETAI LED

DESCRI PTION OF T DRAW N enonstrates a representative
El mass-spectra Egeﬁegﬂﬁ’&f%&d(%)nalsg(hﬂ%hgf% U‘glhd (11) (FIG 1B), obtained
in the course of GC-MS anal ygi's, per Exanple 6. (Electron ionization at 70

eV). FIG 2Ais are %iv El S- #a of conpounds (4)
(FIG 2A1) and (11) (FIG 2A2) afned in the course of GC-Ms anal ysi s,
per Exanple 7 (Sanple B). 20FI 3B

of m xture of isonmers of.epoxy ketal

a represe%t ative | E mass-spectrum
Example 7).

conmpound 3a) and (13b) (Sanple A,

. nFl Gn2 HERNESeniadd ¥Ebrhiehs@skybgrect r um of
m xt ur e of i“éh(?ﬁﬂ‘él}Is{%) Rr'r%ﬁ%@gétﬁ%fﬁec%ﬁpo(ﬁndﬂ(l4)a wherein RI = R2 = ethyl
(Exanmpl e 24)al{okh4{Bcyl3A), and a representative |E mass-spectrum of mxture
of 1somers of di l%@%%16@%%%§ﬂ?eé%%,égvu%?ic%%r Blafbr BlocofRctodd MY kealifxannl e 24)

(FIG 38)5. sentati vé mass- spectrum of m xture of

i somers of  REREKEEapo:GERRIH Hes-épbkiditnmsaiuRled ftR2eidesintsyrmplexeiibf e 25)
(FIG 4A), and a representatjve ”F:{
di ket al conpeuHipgEEmMEEuMiSFaREidp e

@ﬁs-.s ectrum of m xture of isoners of
Ry = n-butyl (Exanple 25). 30
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The following terns apply: Unsaturated fatty acids nean |inear

nonocar boxylic acids having from10 to 5 24 carbon atons and at | east one
doubl e bond. The doubl e bonds can be in any position, conjugated with each
ot her or non-conjugated, but not in allenic arrangenents, and any of the
doubl e bonds can be independently cis or trans. Preferably, unsaturated

fatty acids faxg, enadie dbifedaula Gaogsnckal bunach diyban al so be

conposed of ‘a 'm xture of various unsaturafed and saturated fatty acids,
for 10exarrp|aéqoxaeﬂkyln In mam@d}ln@ﬁﬂ,aegn%?\ e SR X}’e"élé)t AP i 1's, fish

oils, and pal m oi saturated fatty acids nean esters of the
above- descrﬁ?ﬁ’gaty* é‘i‘ﬂ?y;@ eth%}feqﬁnonohydrl c or with polyhydric al cohols.

Monohydri ¢ al cohghs c@{zpodnldmeaaaralsmrbebisammqﬂaaamzmmh obass pelopdaiy? al kanol s

or al koxyal kanol s having from.1 2 ca f exanpl es of
15al kano%s éﬂ@“#ﬁ?qﬁﬂﬁpg’f C@F’ﬂ?&ﬂtﬂm isﬁsﬁé’r? 1e1c§101n<[:5§d%§%§1 C%E)r{ag ™

secondary b g{ogg%lm bﬁ,@j&ﬁ&&@@alkahmmlﬁlact@ﬂml mld?;aoeyshgdhbnedeam@mwl preferred

al koxyal kan are primary or secondary al cohols having from3 to 12
carbon atonms, wherein a linear, branched, or cyclic al koxy group having

from1to 8 carbog AheaLane fo%e o?%}één@&dllﬁeﬁfé@ﬂtﬂ@invaﬁﬁmtatmtfo@thhﬂnmehydr oxy!
group. Such al koxyal Anol's &re typically derived 20 o enlnggan al kyl

oXi rane wi t hcesmmnimgarawingoandabe draenipdioh delewarihes f‘éﬁmlﬁﬁ‘n 0 |l canol is
tet rahydr of ur fur ohol B ik & 1B SRERALINS) afd
furfurall® Tl‘?éw"?'m%ﬂ%ﬁ% él?veg{do a‘rglé Bréngﬁ&%%?r@lé alcohbl s due to gwhEI r

avai |l abi I'i t ygo @tciamed satisfactory st abl lity of their esters. Polyhydric
al cohols are linear or branched pol yhydroxyl ated al kanes having 25fromlto
6 hydroxyl groups. Typical exanples are ethylene glycol, propylene 1, 2-

and 1, 3-diols, butylene ﬁyﬁmmmpmbwemrmnmwmmhydr oxybut ane,
pent aeryt hr i toI xylitol, ribitol, sorbitaql, mann{rt o% and (% 4 ctitol.
Pol yhydri ¢ al cohdil&. t demenstatssardpyeseRiad & b e SR ASH P BNEF Bonds, and

suitabl e fleflfgd; andgrﬁk(gg?llép‘yd%'idl&d% aRhQSe af @Cll\ﬁsmﬂjmlsjpa sor bi t ane

i somers, cer s preferred that substantially all hydroxyl
groups of thbcqnqjlqﬂx&tactromio@ahmnﬁﬁéeé%ter| fied wwth an unsaturated fatty

acid group. It i SFIP}nggrlss ;[1 IQG%QSSEIHQIEVS H1 mass-spectra of compounds (4) (FIG 2A3) and
{(11) (FIG. 2A;), obiained in the course of GC-MS analysis, per Example 7 (Sample
B). '
20 FIG. 2B is a representative IE mass-spectrum of mixture of isomers of epoxy

ketal compound (132) and (13b) (Sample A, Example 7.
FIG. 3 shows a representative IE mass-spectrum of mixture of isomers of
monoketal compound (4) wherein R! = R? = cthyl (Example 24) (FIG. 3A), and a
representative IE mass-spectrum of mixture of isomers of diketal compound (11}
25 wherein R'=R?= ethyl (Example 24) (FIG. 3B).
FIG. 4 is a representative IE mass-spectrum of mixture of isomers of
meonoketal compound (4) wherein R'=R’=n-butyl (Examp_le 25) (FIG. 4A), and a
representative IE mass-spectrum of mixture of isomers of diketal compound (FIG.
4B) wherein R' = R?= p-butyl (Example 25).
30



the industrial practice it may not be practical to achieve a ful
esterification. It is also understood that in the industrial practice,
where m xed fatty acid conpositions are used, not all of the fatty acid
groups can be unsaturated and sone fully saturated fatty acid groups can
be present. In fact, it is cost-advantageous to use m xtures of
Sunsaturated and saturated fatty acid esters such as present in
triglycerides of typical vegetable oils (e, g. an oil, linseed oil,
canola oil, safflower oil, sunfDEﬁéJLEpﬁ&ﬂgggﬁﬁﬁiﬁ, castor oil, their

bl ends and the I'Ee%} Lt i r é rred, however, that the m xed fatty acid
esters contain ph 9 NPW%%J%?Béﬁ gturated fatty acid esters. It is also
preferred that ayfaidsiteacits sent ercandindar monpesrbosin aids Fngdis: th'at ur at ed

fatty acid 10ester Is used, such as, ¢ kot J j ol eic
canol a of| . 2fsadpes algms £pd atjFRTEEA leg%g}é(?gt%r&éﬂg]lefgghﬁ&%ggg? ?H e%l? Anot her

preferred Sﬁ:@&&bﬁ‘%ﬁﬁﬁéa@é& @lth bseh BtHEE At nomeconfugated, oyt nasén ellesicof fatty aci ds
derived by trans-esterification of vegetab oybean oil,

e 0ils Frer

canol a oi | amdngentesis, andgay of edgubls P@%G@?é’%‘é@e}’g%ﬁ(‘%ﬁxg? Oﬁgrtglég? in the
i ndustri al el i OWSaDI9d bES B! thice éhib)e bahBXaFityusidangat ur at ed
fatty acid ?é%gﬁ'agwéglﬁa@%téﬁf{aetgﬁll ‘bl ended, m xed _;ﬁa%ﬁ\ittal I.% for
hydr ogenat edjsod comme\zbioﬁ&niiﬁgelmfh’ﬁmﬂsﬁlﬁsaéﬁ'étﬁ@éndgﬁ FEPOH A
stereochem stry of the doubl e ds, . bidlhig efls. ik aild) mad psimfailst y aci d
ester mdéns ef‘h‘é’tﬂea?s‘?g?fg?& ?\egldgf&g‘%remgoubékg bonds of the ,gﬁé?tur ated fatty
aci d ester is oximisesh inat@aieé frovyacils ouepn esere At the 2bptiedigeqrivae 13 wel |
known in the art and can,  be readi Iﬁg@é&:a ilsshed in an industrial scale,

ca X

e.qg., by usiagiysnjerByORYEE G HLO 5

rooxylic acid (e.g., formate or

acetate), or by tg,JaokahyeihoR aelifatlor brindhed piredrgior sgondremeliicls ¢ hat

epoxidlation of anmajority or al]l of the doubl n 0 f in the
unsat ur at ed draikopyalsinglsdwiiag fog hEcFBrqo8rEs: ﬁ)f&?ré%lsfﬁéfenﬁgeg god that in

practi ce,. engxl g}z ' st f liSopiSpanclonitaiol, seamidaydutppaht i ties of
by- pr odu1 ts ai%("}nglisnagéj?l%%%ﬁwh’y%?ngl’ 815% iBopepan -

l'ysi s or rearrangemgent of epoxi and from
cross- | i nki nigotaftanbh dsobmyt ajcaiiel, @-cginAlaranol B Efre éH%}E}’fﬁlraf‘g% %]%rﬂ—;ﬁlgréci d
esters containing .snall. quantitk 18 RYHLA Alboine Nviyeip b tidlee! rasohdd epoxi de
deconposi ti o SB?P%S?‘% 8{@5?@1#:%??@1 3\(/)[viBtlﬁi n the scope of, the, present
di scl osure. QeNshlkaiycorantlenmgdram st &rybeT atpiy i/ lpgetedt a{ﬁyﬁgﬁgent anoi c)

0y 200 2 S A UG PE s acshial Tarent |

20 opening an alkyl oxirane with an alkanol, Another suitable example of an

alkoxyalkanol is tetrahydrofurfuryl alcohol readily accessible via hydro genation of

furfural. The most preferred are monohydric alcohols due to their availability, cost

and satisfactory stability of their esters. |
Polvhvdric alcoholg are linear or branched polyhydroxylated alkanes having

25  from 1 o 6 hydroxyl groups, Typical examples are ethylene glycol, propylene 1,2-
and 1,3-diols, butylene glycol isomers, glycerol, 1,2,4-trihydroxybutane,
pentaérythritol, xylitol, ribitol, sorbitel, mannitol, and galactitol. Polyhydric
aicohols can optionally‘ contain one or more ether bonds, and suitable examples of
S.lllcll polyhydric alcohols are isosorbide, sorbitane isomers, and diglycerol.

30 It is preferred that substantially all hydroxy! groups of the polyhydric

alcohol are csterified with an unsaturated fatty acid group. It 18 understgod that in



ester is selected independently fromthe nonohydric al cohol fragnent of
the unsaturated fatty acid esters, and thus can be the sanme or different,
Levulinic esters can optionally be m xtures of levulinic esters with nore
t han one nonohydric al cohol. 5Pol ynmers. Poly(vinyl chloride) polyners,
PVC, are honopol yners or co- pol yrrers of vinyl chloride. Many PVC

conpounds of varlou degree of yrrerl tion, L

co- pol ymer éfﬁﬁﬁé‘éﬁ“ﬂ Brpclpelt Wlﬂ%ﬁ&eﬁr‘?ﬂ 3 ‘%éefY J?@e%?rgnbfﬁhgg 1?’r’?dust rially.
Pol y( 3- hydr %M%hhéﬁﬂ@@ﬂﬁﬁﬂl,th%&ast@m grap@éeya»a&@&miamap hydesEp&iticne- 10

pol ymers of 3-hydroxyal kanoic acids. Preferably, PHA is conposed of I|inear

3- hydr oxyalakesed.arof plhahtbn faityrRgidi asepps PW%W{S@H%@&@ BoRe &tﬂé’ﬁ?‘af%%
Pol y(3- hydr &WR&& %%%s an b%‘%@seﬂtSll?faaqm%%{@hﬁ&%{ls fo%xs@frf?ﬂhﬁ%@ gf

bi ol ogi cal |y, “for vari ous m croorgani sis. A pure PHB polyner is
a brittlé pahymestedand segnatedéattycamdreahawudf agpresceisinitig)yeesidpeefdynieals, and it

deconposes rea er res |ts

nel ting tenﬁ&gfg?hj%/%& (ee. Soyg%lﬂ@tr%sef%f’lg 511(‘?15 811 %%“% £ lsfcf u%ﬁgﬁ?ﬁ%

known pol yesbeyoil)easisr el mﬁﬁrblemﬂmdnse llﬂg:)rﬁpelatsfmdtlﬁ)mireﬂ, ﬂnaettile aci d of
vari ous stereochem stry. Polysaccharides are ho | yners, and. cq- pol yners,
li near or brkeh@Hy a@@ﬁﬂ?’isscf’%‘ﬁmﬁ’é g YB%W‘E?EC? %?tg@%gﬁftgrsggh%agﬁc?ed vi a
gl ycosyl |i nkaggs: thdihteradPahe kitsasia ez estam s pho-onabiyed tityatid vari ous
addi ti onal groups such as acyl am do grou sul fat e es

rogr
car boxyllidc @steris ug@d@sipfbasammmtmfwé# ﬁ‘ﬁbPl@WGaB?lﬁéF w%é(fﬁnd the like.
Such additi %&‘J’C}’leg‘{cgéaéﬁls%e o Pfefaq{eﬁs thdr lé}%éﬁ%&@ﬁﬁgﬁﬁ iderlimegs from

natural sources-or I cl al troduced (7.e., by acylation of
cel l ul ose). dFxmtipt %erebffwyytsdsdehafﬁd uxegamsr@tm@eatmwfapmﬂawlis\iagp,ves of

cel l ul ose 25 nd, st ar, s.n t pectin.

Pl astici zer s? % é’e%‘é‘&c@%ﬂqﬂ 8@‘3 ?}ﬁ ung&fg %d%§lgc%ggse&g3%yé}g%1%g%gmgorrpr| si ng
one or nore 11&fusi1‘ﬁ€pr@b@dtﬁnm@|vmsSloWleﬁeh ftdd®). pur pose of | owering the gl ass
tranS|t|onterrperature of the siti.on. there ing the
conposi thon nor e \ArgYy Bise e %%%%U‘EFS@“? gg‘p € 0(938%4119(6’161136%){?”‘- Vv nelt
extrusion OMpartially hydrogenated, or otherwise isomerized to change position or

stereochemistry of the double bonds.

Enoxidized unsaturated fatty acid ester means that at least one of the double

bonds of the unsaturated faity acid ester is oxidized to an epoxy group. Such

20  oxidations are well known in the art and can be readily accornplished in an
indusirial scale, e;g., by using hydrogen peroxide and a carboxylic acid (e.g.,
formate or acet'ate),lor by the halohydrin method. It is preferred, however, that
epoxidation of a majority or all of the d@ublc_bonds present in Vth‘e unsaturated fatty
acid ester is acqomplisﬁed. It is understood that in practice, epoxidized fatty acid

25  esters may contain various quantities of by-products arising from hydrolysis or
rearrangement of epoxides and from cross-linking of the fatty acid chains. Use of
epoxidized fatty acid esters containing small quantities of epoxidation by-products
and epoxide decomposition by-products is fully within the scope of the present
disclosure,

30 Levulinic esters are esters of levulinic (4-oxopentanoic) acid and a

monohydric alcohol. However, the menohydric alechol fragment in the levulinic



30nol ding. Plasticizers are typically used at various effective
concentrations, and depending on the polyner used and desired properties
of the compounded polynmer fornulations, plasticizers can be used at
concentrations between 1 and 80% by wei ght of the unplasticized pol yner.
It is understood that, depending on the polynmer and the plasticizer used,
pl asticizers can al so,.confe t he L: i chani cal
properties 8ftertlﬁégﬁcg?ﬁ)%g??g%‘é?ng%?@hlet?l?%aag%w aggﬂ 02 ﬁg%neefsmgitﬁr?ebar rier
properties qhsdligcg enyaviddedrspaidtines canrbe tespaetor didfeiant pemitpialshteist y f or
vari ous gases, water, water vaﬁor . pr orqar]i C (:(c;g‘r)’%ounds.1 Lt{ _ics al so
under st ood CAREPtORAILERE TR PRiBIGesSTsReH] LPPdhal QUg e W in various
bl ends with addijitional conpounds for the preparation of an extrudable or
mol dabl e pol'yner conposition. Such additional conpounds. can include
various Bnor gani PobmmrsoPghtiviay¥ailqride) ndwBepdUfeSre RRFRPOBIRES 48T nf or ci ng

fibers, dyes, RGNS, SbARL AS! ByClbRbb AL SvardRs legicdiobi al addi ti ves,

and the |iké& pl'asticizers are typically m xed w pol yner and ot her
optional compbmestationf crbéseitiagmnd cnmpolindr opmbgsitaAnar AV kg Bid
conpoundi ng equi prent l.I.. known in the art at the tenperatures that are
above or bel®P'8 “@ﬂ@ld\ﬁg}’?l%g 15 tenperature of the polyner. The

pl astici zers canpaly§PhiRBotyalifafelieg P tae pdigestee hpmafolanerspt t@nal vol atil e
sol vent . Ketal derivatives qf

l.evul i ni cid are pr red by
react i nd0an pepecroeAcydinyatiancle adds é)trf"‘,;‘;‘%&’ BHZ‘s‘f E?mwsf'ﬁogﬁ ls%ﬁ1 i ci ent
quantity of gyl élﬁén%iceﬁég%{en{sma{zihg FRAES AMSRaffonatosmhtbak) Bolget-al yst
t her eby resutting tn a var

i ety of conmpounds that are 10cqval ent adducts
bet ween t he llﬁldltgbg'yblziﬁi?@),é’ﬁfb fs § h(g@@;@&ﬁl@erélﬁa iy ;gg@ﬂcpﬁé;elqg*cggﬁm _
f‘g;gir ?;n?of— %{’3{ dlﬂgle%55Q!Qrigﬁ%Mogfkani@mg?h%uréaﬁﬁﬁﬁjoﬁzﬁﬁpi%%rlﬂitﬂé pdigmpul a (3) is
having a narrow range of processing temperatures, and it decomposes readily at
15  temperatures that are only 20-30 °C above its melting temperature.
Poly(lactate), or poly(lactide), PLA, is a known polyester homopolymer
comprising repeat units of lactic acid of various stereochemistry.
Polysaccharides are homopolymers and co-polymers, linear or branched,
. comprising hexose of pentosé fragments connected via glycosyk linkages. The
20 polysaccharides méy optionaﬁjr contain various additional gro_l?ias such as acylamido
gfoups, sﬁlfate ester groups, carboﬁylic ester groups, alkyl and hydroxyallkyl ether
gréup's anci the like. Such ar;lditlionall groups may be present in polysaccharides
derived from natural sources or can be artificially iniroduced (i.e., by acylation of
cellulose). Examples of polysaccharides include acylated derivatives of cellulose
25  and starch, as well as 1:1ative or acylated chitin and pectin.
Plasticizers are chemical compounds édded io a base composition ‘
comprising one or more of the above polymers with the purpose of lowering the
glas.s &ansit_ion terperature of the polymer composition, thereby making the
compositioﬁ more flexible and amenable to processing, e.g., by melt extrusion or

30 molding. Plasticizers are typically used at various effective concentrations, and

depending on the polymer used and desired properties of the compounded polymer



ction 1), wherein (2) is a levulinate ester, (1) is an epoxidized
unsaturated fatty acid ester showi ng the epoxy group, (3) is the ketal
ester adduct, and RI is a Cl-Cl0 linear or branched al kyl or al koxyal kyl .
For exanple, according to this reaction, a readily avail able ester of

9, 10- 10epoxi di zed oleic ester is converted to the ketal of formula (4):

OR2 (4), wh Rl d R2 o
or anchbd a1 RrBHOR RBRYFHIR 1o bR P B P Sty eSS T o ous

epoxi des wi {h; gh%ﬂﬂ@&ljlﬁﬁbﬁg@pcﬂ@maf |musndmstot31! thﬁud&pen@ngipm ibéns are

general ly app]I Icable to the reactipons. of Iev Lh the
epoXi di zed pdsmmm@ttbﬁplﬁﬁtcﬂ%ﬁr ueeflg Pleslicirees caRB %@]t ofie Gﬁ%r%m es of such

catal ysts in sH:gFal txjé%gm%lrb%}ﬁlﬁeﬁ@:f 8 cord: d%pfﬂwﬂélu b3 well WM| oric,
ro

hydr of | uoroB romc acids, p-toluenesulfonic acid,. or
canphor osul hommlqm}nbmamﬂim@mpmmﬁeolé(@ie*am rgspacy P KR PeEPIHY LY esins t hat

contai n protonated sulfoni c 2 RSoAhSuRk S 4186 stldepmotiliey can be
easi |y recoV®iBy BaiFel & NsIT ?po%%%é?&;lﬁle (r)egc]%ll on. 1Exa | es. of acids also

i ncl ude Lewiyge &Gh6ts diff@entetatples chdreoned ini variwrilenss At “\913‘1“%"}.]15 conpl exes

of BF3, exenplified by BF3 dieth I eth ebibositinl | ca,
aci di ¢ al unicompounids &nithe PrepFat 8@%%513”?3@%)1%3%&1@ i é(oescltl zlill um num or

nagnesi um Oﬁug?gd&%aﬁé g;o@ﬁdy@adnclmtvamtsemlgan@m cueanwﬁqurves

25conpri sing m neral aci sul foni c_aci ives can
al SOnEe 10s egonlmmda,fwmddjqqhge}m’@}@qg fibers, fiess %{g?lm&a, sta%‘rﬂgzgltsdﬁﬁhéﬁﬁ%

variations Oapltl trrﬁgroeﬁi Bdcf?tflvets%d the like.

The plasticizers are typically mixed with polymer and otber optmnal
components of the base composition by mixing in various compoundmU equipment -
well Jnown in the art at the ternperatures that arc above or below of the melting

15  temperature of the polymer. The plasticizers can also be intr oduced with the help of
| an optlonal volatile solvent. '

Ketal derivatives of levulinic acid are prepared by reacting an epoxidized
unsaturated fatty acid ester with a sufficient quantity of levulinic ester in the
presence of a suitable catalyst, thereby resulting in a variety of compounds that are

20 covalent adducts between the fatty acid ester fragments and levulinic fragment.



catal yst conposition and anmounts used in the conpotnd preparation

descri bed herein. El evated tenperatures may be used to accelerate
the reaction with |l ess reactive catal ysts. However, the tenperature of the
reaction mxture is not critical 5for succeeding in nmaking a quantity of
the levulinic ketal product, as even with |ess active catal ysts the
reaction still proceeds to yield the desired conpounds. Anpunt and type of
cat al yst depends on the specific chem cal conposition of the epoxide and

| evul i nat e est er Ads@dini to drivesuctereattioona keiel celgirompophef fo “'é‘éf%?ﬂ i shed by
one skilled in _the art. The reaction can be carried out in the presence of
an optional reagily {gustvent that is inert under reaction conditions and is
typically renobved at _the end of the reaction by distidRation. Typically,
it is desired to uselsufficient quantigy of @t.Cco-sqlxent (¢ Z-sufficient
excess of Ievulingeiesrﬁgr t o+m ni g cross-Jlinking e [époxi di zed
fatty acid esters via ethgr bond for ion. Non-limting“p glrred

exanpl es of suitable co-solvents include saturated hydrocarbons, ethers,
and 15carboxylic este@s of sinple al k&nols and al kanoi ¢®aci ds. (Remilarly

t o nono- epoxi des, bis-epoxides of unsaturated fatty esters are converted
to a m xsure of stereoi soners conpri eligig)bi s- ketal s of levulinic ester.
When nono- or, bi.s-epoxides of afur : fr At hidd estvedcR ds@act with
ethyl | evul iYReten (?3%3 #@‘glg{a%oeﬁ{ég’ﬁ%ﬂggg g oi‘fl%gémf)&?ﬁfl at't 'yg{ci d may be
acconpani ed JaywRihes epdRy gROPEB) isdha leted esiarpdduchifad & ebani§epedct i ons
have been found to be ad antagl%?ous for maki ng useful conpounds. In
particul ar, bichedaliylonekeyYaf f ree al kanol is present, and/or when protic
aci di ¢ cat al yst s gog¥aihiph) atdoddifig RSthrédcticg biredily ewtlablessteneid. lised,
formati on of an al koxyal kanol derivaﬁiﬁe gffan Tqﬁgturated fatty acid
ester i si0f avapewidized eleiciestenis cppyerist v he Keif of IR conditi ons al | owi ng for

25removal of al kanol after epgxide opening, the |evulinoylated
transesterification product of fornula (5) is formedr2(CH2)n,-B /0 R3.
(CH2)n-A 0 oj\/\/oﬁf'j} .
“e ),
wherein R' and R? are each independently a C-Cyp linear or branched alkyl or
alkoxyalkyl.
Typically, catalysts for reacting various epoxides with ketones include
15  various acids,” Such conditions are generally applicable to the reactions of levulinate
esters with the epoxidized unsaturated faity acid esters. Non-limiting examples of
such catalysts include strong mineral acids, such as sulfuric, 'hydrochloric,
hydrofluoroboric, hydrobromic acids, p-toluenesulfonic acid, camphorosulfonic
acid, methanesulfonic acid, and like. Various resins that contain protonated sulfonic
20  acid groups are also useful as they can be easily recovered after completion of the
reaction. Examples of acids also include Lewis acids. For example, boron
trifluoride and various complexes of BF3, exemplified by BE diethyl etherate, arc
also useful. Silica, acidic alumina, titania, zirconia, various acidic clays, mixed
alumiﬁum or magnesium oxides can also be used. Activated.carbon derivatives

25  comprising mineral acid, sulfonic acid, or Lewis acid derivatives can also be used.

One of ordinary skill in the art can practice many variations on the part of the

10



(5), wherein 2.3 can be a C1-10 linear or branched al k

ong of Aor Bis hydrogen and the other is an esterlfleé cg; bgl(tloxé?glljgl
aﬂ n and mare integers each having values fromO to 20, and the val ue of
the sumof mn is in the range from8 to 21. 5In a variation, known

al koxyal kanol derivatives of unsaturated fatty acid esters cén be prepared

al koxyal
by OPeNIng. of, e cROx ey O QRSO AR HhARlosinaRR R od o Ly aci d

| _ _ roxyl groups of the ‘al koxyal kano
derivati ves hakef. t hen esterlfled with a levulinic ester gr mnthlfree

;F\légl(ly " io?gi,& i ﬁgypteé ieathe avngl?rﬁﬁglgf%% &s%lrl] go;f%cgggrta{ Bfﬁ% 1%9&%08 WAl 18dsng Vi ci nal
(6) (7)) ( CHZddefibdatalysiR3 (1eN2ver, Ahe temperature of the 1e§ct10n inxt{/ireals(,: lagt c?lﬁtczﬁr S
5 for succeeding in making a quantity of the levulinic ketal product, as even with less
active catalysts the reaction still proceeds to yiéld the desired compounds. - Amount
and type of catalyst depends on the specific chemical composition of the epoxide
and levulinate ester used in the reaction and can be readily established by one
skilled in the art. The reaction can be carried out in the presence of an optmnal co-
10 solvent that is inert under reaction conditions and is typlcally removed at the end of
the reaction by distillation. Typically, it is desued 1o use sufficient quantity of a co-
solvent (or a sufficient excess of levulinate ester) to minimize cross-linking of the
epoxidized fatty acid esters via ether bond fonnation Non-limiting preferred
examples of suitable co-solvents include saturated hydrocarbons, ethers, and
15 carboxylic esters of simple alkanols and alkanoic acids.
Similarly to mono- -epoxides, bis-epoxides of unsaturated fatty csters are
converted to a rmxture of sterecisomers compusmo bis-ketals of Ievuhmc ester.
‘When mono- or bis-epoxides of unsatumted fatty acid esters react with ethyl
levulinate, the reaction of bis-epoxides of\fatty acid may be accompanied by other
20 competmfr reactmns These competing reactions have been found to be
advantageous for makmg useful compounds In particular, when a quantlty of free
alkanol is present, and/or when protic acidic catalysts favoring trans-esterification
1eact10ns are used, formation of an alkoxyalkanol derivative of an unsaturated fatty
acid ester is favored over ketal formation, Upon use of conditions allowing for

25  removal of alkanol after epoxide opemng, the levulinoylated tlansesterlﬁcatmn

product of formula (5) is formed:
(CHZ)m‘B

—g'(CHz)n"A

(%),

il



HO (CH2),,,-B R3(CH2)n-A O (5a) wherein (6) is an epoxidized
unsaturated fatty acid ester; (7) is an al koxyal kanol derivative; (5a) is
an al koxy- levulinoyl- derivative; k3 can be a Cl1-10 |linear or branched
al kyl or al koxyal kyl; one of A or B is hydrogen and the other is an
15esteiiified carboxyl group; and n and mare integers each having val ues

fromO to 20, and _the value of the su f 1S, h . m8 to
21, htasra B ¥ edeso Gpot pr Tl FE s B AR0R R IO &
esters havi 9aRRN hdhOMRer 1D OSbstirtea dabbxd gohipsadprandinnteyintegereach ot her
are used, an’intranol ecul ar epoxi de openieg% reaction+ al so.takes pl ace,

t her eby r eshdli myinigvatisefion Orte PReanddhe wus dheshm ff PEHES L AR s e ach
connecting two ggr%lon atons of the continuous fatty acid carbon chain.
Typical Iy, SUER&Akr bonds result in the formation of a, {etrahydrofuran
(maj or) 3nd t et r ahy dariyn,dmowniatoryalkanabderivabiep pEwnsaiuater By apd

stereoi soners of o enat derivatdves of - y acid esters
are then foreﬁ@{;f.Ca}%gg@?ﬂﬁ‘gﬁ‘é?peﬁlgﬁa@gg&n gﬁdsg%?giéfearﬁ?sg?atﬁﬁi such products
froma 25 bigzepariddandeld sedwithamalkansl- The hydueat ewupsaieftheaci d havi ng two

((jgg;)l © bondSail?oi?f%{cg}o?den%%ti\?es rg%t ttk]]gxll gs?&ii%ﬁ QNLII aCIQVQ11inﬁ:Ve§teI' Qf @Hﬁ @€e (8a) and
levulinic acid, or with gamma-angelicalactone thereby providing vicinal alkoxy-

10 levulinoyl- derivatives of unsaturated fatty acid esters:

(CHZ)m'B
0
, : R® (CHp)y-A
3 CH,y) B 2 0
{CHo) B RYOH o (CHa)py @) .
— & (CHrA >
8] : (CHZ)n‘A HO
, o)
{6) )
(52)

wherein (6) is an epoxidized unsaturated fatty acid ester; (7} is an alkoxyalkanol
derivative; (52) is an alkoxy- levulinoyl- derivative; R? can be 2 Cy-1p linear or
branched alkyl or allcoxyaikyf; one of A or B is hydrogen and the other is an

15  esterified carboxyl group; and n and m are integers each having values from 0 to 20,
and the value of the sum of m+n is in the range from 8 to 21,

When bis-epoxides or tris-epoxides of unsaturated fatty acid esters having
epoxy groupé positioned i:ﬁ a close proximity to each other are used, an intra-
molecular epoxide opening reaction also takes place, thereby resulting in the

20  formation of one or more ether bonds each connecting two carbon atoms of the
continuous fatty acid catbon chain. Typically, such ether bonds result in the
formation of a tetraliydrofuran (major) and tetrahydropyran {minor) rings. Complex
mixtures of sicreoisomers of oxygenated derivatives of unsaturated fatty acld esters
are then formed. For example, representative isomers of the such products from a

25  bis-epoxide derived from a di-unsaturated fatty acid having two double bonds

separated by a methylene group can have formulae (82) and (8b):

12



R30(01-12),-AR30(CH2) m 13 O0O(CH2),-B AO O0O(CH2)n-A O (8a)(8b) wherein
R3, A B, n, and in are as defined above. Typically, after renoval or
neutralization of catalyst, and typically by distillation under reduced
presstue, renoval of any excess levulinate ester, solvent, 5 and where
applicable, any saturated fatty acid esters, which nmay be present ‘as
inpurities in the epOXIdIZﬁ fa qgld estggostqbgbng materials, is
acconplished, resulting in't tlon of , eat, transparent and
practically odorless stable I/i gy d Dependlng the specific conditions
used, the liquid conprises th IevuI|n|c ket al f V|C|nal di hydr oxy
derlvatlves of unsaturated fa aC| esters m xtures of the

al kyl oxy- | evul i noyl - conpou Hds.( Wﬂ@ e latter co ohh s.can conprise ether
bonds connecting two carbo ©®nms of the unsayur ed fatty acid chain
(thereby formng a tetrghy rofuran or atetra ydropyran ring). The

| evul i nic adducts are use&ful as plasticizem=gonpounds for PVC, poly(3-
hydr oxyal kanoat es), pol y(lactate), and various pol ysacchari de pol yners.
They are 15 conpatlble wi th these polyners acrqgs a broad range of
concentrations. By selecting V& ous al kanol fragments present in the
reactants used i.nyk n I f ducts, it is also possible to
fine-tune thg f)r“tl)l[}e?r}jf|BS¥1 %ﬁﬁ%%%ﬁ%@i@gg not onl y with respect to best
pl astici zati on prypeslly, efcangobsot nevrhzatiopiof patglystond AWkt h respect to

t he bat her erties of th resultin pesnRaRint,i ty of
20nDi st ur e, d&é’i‘é OHW’\/@FWC WP e’ll?arggﬁ?%g aegwhgﬁ% stain retention.

5 and where applicable, any saturated fatty acid estel s, which may be present as

impurities in the epoxidized fatty acid ester starting materials, is accomplished,
resulting in the formation of, a neat, transparent and practiqa_lly odorless stable
fiquid. Depending on the ‘slpeciﬁc conditions used, the liquid comprises the levulinic
ketals of vicina) dihydroxy derivatives of unsaturated faity acid esters and/or

10  mixtures of the alkyloxy- levulinoyl- compounds. These latter compounds can
comprise ether bonds connecting two carbon atoms of the unsaturated fatty acid
chain (thereby fo1ming a tetrahydroﬁ1ra11 ora tetrahydropyran ring).

The levulinic adducts are useful as plastlclzer compounds for PVC, poly(3-

hydroxyalkanoates), poly(lactate), and various polysaccharide polymers. They are

15  compatible with these polymers across a broad range of concentr ations. By
selectidg vaﬁous alkanol fragments present in the reactants used in the synthesis of
theée adducfs, it is also possible to fine-tune the properties of the plasticizer not only
;,vith respect to best pl-asticization properties and best compatibility, but also with
respect fo the barrier properties of the resulting polymer, such as penndability of

20  moisture, gases, solvent, water leaching, and odor and stain retention.

| Also provided hereiﬁ are a set of similar plastici;er compounds that are

substantially devoid of ﬁee carbonyl groups, and thus can be blended with the
levulinoyl derivatives described herein to afford desirable plasticized polymer
compositions. Useful plasticizer compounds are produced by using an ester of a

25 lower alkanoic acid instead of levulinic ester. In this embodiment, the free hydroxyl |

13



Al so provided herein are a set of simlar plasticizer conpounds that are
substantially devoid of free carbonyl groups, and thus can be bl ended with
the | evul i noyl derivatives described herein to afford desirable

pl asti ci zed pol yner conpositions. Useful plasticizer conpounds are
produced by using an ester of a 25l ower al kanoic acid instead of levulinic

ester. In t'gi(@l EPARBRAo] dBEvaives(Thyeopytkd with tnwes atibmeit kdstyel kanol
derivatives }3 are acylated with | ower al kanoi Cﬂﬁﬁis%lsgisoratlhei r anhydri des

. I oy
by trans- estleii dohpdidenby reas-q5tadGeoTe QRIPECH LT 418 T'oter al kanoi ¢
aci ds. The glkanolge@ohdsItas b ity RiaoTRA aicqinkhnp famdiiechr anched

nonocar boxyl acids having from?2 to 8 carbon atons. Preferred exanpl es
of such 5Sacingimoenboaiietdids hainfionido 8 bubyn pems.2Lisfampr FEWANET ¥ SHEY ds. The

preferred esters for. trans-esterifi,cat o 4.0 i i gdi ment are
esters of t RECHBGPESS) RARSPE: %@?ﬂd% 2&%%}1 e:}‘ﬁléoggg%drs' gr% a (E:]e r{%gédsepf%?)rr%r y or

secondary algsanelisifandmgadionmnlibisembodiarchbare sgtasref thFlabovg ke fr agnent

is typically selected wi.th conpsideration qf. I 1 0e | ower
boi | ho poi Heldbrnd WetL st teoaF Sbat e YASAE hEubEBR RoR, O

10reaction $Quoh aofR. Hfe hBHRM E@ohinidi Sbichlipsdedwitinconsideraten ¢fta i s for med
during the reaction. Trans-esterificatian Iﬁ&ﬁ g%ca%y accqgr?tlgaagl?d under
ordi nary conidiits tomeveneloiekbriling peint ¢fdhesleohghiglepird of e HEEFHFR aci d or a
base catal yst. .The « ti HiONVatBE WA IR ¥ ¥se AE Tty Ry Buriiizahe

nono- epc}gi dé%acg?n %%lﬁgélu%ﬁs%@%yg%% 1f.at tly acid gst ers have for(ﬁul a (9):

(CH2) . - B , 0 rR@fiG2T ranAesdl GHita0Yn isuymsadlynemmpbigipdpeder dnay LPPHERS or

branched al kyl . or " al koxyal kyl.: 4 08 3 bt c&Hhlyst. "BRIreftidyr anched
al kyl; one d%leu,&mé’?”nén ﬁ’§ aﬁyaﬂ%ié%"e(ﬁ%gﬁ% ?fﬁdgﬁcc)t ner i's an )Jgst erified carboxyl.

group; and migekyl RyRkedérivatger o amhospwiideg of mobesnsasiwed Ay 209, and the
val ue of the sumof mtn is in the range from8 to 21. 20Simlarly to the
| evulinic d@i%ﬁ"?f@mﬁ\a(ghr mul ae (Sa) and (8b), the resulting al kyl oxy
acyl oxy derivatives of fatty acid estersHfsB®Bm bi s-epoxi des of di enoic
fatty acid esters having doubl e bonds—separated with a methyl ene group

have representative structures (108) and—(Ctakp: R30(C H2)fl-A
o .

=0

15 R? o),
wherein R® can be a Cy-1o linear or branched alkyl or alkoxyaikyl; and R* canbe a
C,-C; linear or branched alkyl; one of A or B is hydrogen and the other is an
esterified carboxyl gfoup; and n and m are integers cach having valuss from 0 to 20,
and the value of the sum of m+1 is in the range from 8 to 21. 7

20 | Similarly to the levulinic derivatives of formulae (8a) and (8b), the resulting
alkyloxy acyloxy derivatives of fatty acid esters from bis-epoxides of dienoic fatty
acid esters having double bonds separated with a methylene group have

representative structures (10a) and (10b):
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O(CH2)-B RILO wherein R3, R4, A B, n, and mare as defined above.

The resulting al kyl oxy acyl oxy derivatives of fatty acid esters and | ower
al kanoi ¢ esters have excellent plasticizing properties simlar to the

| evulinic ester 5 adducts descri bed above. Therefore, they can be used in
a substantially simlar fashion for polynmer fornulations as primry
plasticizers or aagMm X{yes W th gie L@Hithoyl derivatives disclosed
herein to control p nce of the free carbonyl groups in the plasticized
pol ymer conposition{ I another enbgdigent, where provision of a

pl asticizer conpositnon for use 10i n_various PVC-containing articles is
desired, synthesis 9 %gggc%s of | eyul ijoHg,-esters and epoxidi zed
unsaturated fatty agid ®Fs can b rried out using an epoxidi zed
unsaturated fatty atigl esters with @ typical fatty acid ester contiguous
carbon chain of 18 carbon atons. Such an adduct can incl ude conmpounds t hat
contain predom nantly ketal s of fornuég?(4), and, wherein bis-epoxides and
tris-epoxides of 1l5un@édlurated fatty )d esters are present in the

starting material s, .tshey can also be J,ed to levulinic ester |cetal
adduct s exeﬁﬂﬁ?ﬂ?édIbyng§Bﬁ8$5}%eg d@ﬁ#@%ﬁa.(ll) and tris-ketals of
formul ae (12): oR%@kesufting aMyRIxgiatylRty demivatRRs obifathecid c@es@pfl la%ehear or
branched al kyl or al koxyal ky]|. . .t is under st hBAkinicksgtch
enbodi nent s adaneic crEBdRY HAFSIIY a@f%clﬂg%prggelﬁgsr%ﬁ&gﬁ %12y Be resent in
various anmounts... SUCH,QtBETe. MBREONhE @lbetsediay somtitkesimilar exanpl e,
st er eoi sOrners. o epoxy-ketal s of forpul ae g13a} and §%3b%-.§ h
fashion for polymeér formulations as priroary pl_a ticizefs or as mixtures with the
tevulinoyl derivatives disclosed herein to control presence of the free carbonyl
groups in the plasticized polymer composition,
Tn another embodiment, where provision of a plasticizer composition for use
10 in various PVC-containing articles is desired, synthesis of adducts of levulinic esters
and epoxidized unsaturated faity acid esters can be carried out using an epoxidized
unsaturated fatty acid esters with a typical fatty acid ester contignous carbon chain
of 18 carbon atoms. Such an adduct can include compounds that contain
predominantly ketals of formula (4), and, wherein bis-epoxides and tris-epoxides of
15 unsaturated fatty acid esters are present in the starting materials, they can also be
converted to levulinic ester ketal adducts exemplified by bis-ketals of formula (11)

and tris-ketals of formutae (12):

OR! oR!
o o}
W
o" o O 0O i8]

orR!  OR!

OR?
e} o O
# /‘
o

o Q C O 0 O

WDRz (12)
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oR2 (13a), ORl Reaction products may al so include conbi nations of
conpounds of fornulae (5) 10 though (10). Additionally, various anounts of
cross-linked nodified unsaturated fatty acid ester derivatives, wherein
two or nore contiguous carbon bonds of the unsaturated fatty acid ester
are connected Vvia.an .ef2 3 yi.compounds t hat
may be pres&it™h I%ﬂgg{ \r}g{r{})gggﬂﬁaﬁ?‘%%S%Q%Pag§§ﬁ?gta%%@ﬁly acid esters
that do not reacttisuhitseootlitat iy suvhtelmbb&mehts niher wattionpredidtseriyrhsf ore remain

15unchanged jn the resulting product m xtur .

enbodi nent s, for8 2pd BGY ?p‘r‘?f‘%tt ﬁ?%ﬂr‘c%ﬁﬁrp??‘}tshgﬁgl%?m%w Cldr?g F%Hﬁllug?r[ Ret al
adduct's proQyggdsd fRRkAresl st s st cpody-malepiiondilzed Jarmdi(itat ed fatty
acid ester (typically exenplified by ketal adducts (4), (11), (12), and
(13)), ahAd one or nore saturated fatty acid esters (typically exenplified
by esters of hexadecanoi c or octadgecanoic acids and of a nonohydric

“al cohol R3-0H), is subjected to further treatnent allow ng for partial
or substantially conplete renoval ¢f the saturated fatty acid esters from
the m xture of the ketal adducts. ch renoval is typically acconplished

by distilling out the esters ob s& ufated fatty acids under reduced
pressure and el evat ed tWMo@mgge distillation of
the 25saturated esters but not the ketal adducts. Such conditions for
distillation may vary, depengkng on tenperature and vacuum used, as well
as on type of distillation baxdware known in the art. It has been found

that ketal adducts, such as campounds (4), (11), (12), and (13) have high

boi li ng tenperatures that are, ically 25-100,C higher than those of the
correspondi ng saturated fatty \esters, and_such Ia,‘r%e Sdifference in the
boi | i ng point al l ows for effi€ient reroval " of  s&furldt®¥d fatty esters using

sinple distillation equipnent such as falling filmcolums or other
distillation colums with a relatively |ow nunber of theoretical plates.
It has been faufiéh frbaictspast dlsd inoluds cistiaationadf coampoveds offorpmdacd e} ur at ed

fatty esters fromthe xtures of adduct fd L. St h
epoxi di Z€d uheusds B eﬂd{é}tﬁ’ﬁ‘ =§8F%PS€§%°&P‘§%?§‘§E @sﬁé{i %ﬂ%dﬁgﬁ?&?%@%ﬁ%’? ion of a
mxture of ketahcidddulesvatived) wHaRiOwRdoh@s tomtigaousgapoopends @she i nproved

O bt s e e o SS9 BN GRS O 2D
}chte h kg Pgr Is d:) @g,?% W&ﬁ%}ﬁx?(}@‘ 3 L@éefﬁ 12%?%%?%%?%????'& yaéuszg fﬁ:yhfe i ed by
reaction ni xdoid eserethatiol mi ragetrulstariEiy oIt e Liae gpterédxag %E%é%?rte)}f)‘flﬁl&l ly,
exenpl i f{SG d Er}éhgn%gteg knsthec:) I’esIll%ElgB{o%ﬁct(n]u;{)uﬁle’IsB) ). Such
In further embodiments, the product mixture comprising any combination of
ketal adducts produced from levulinic ester and an epoxidized unsafurated fatty acid
ester (typically exemplified by ketal adducts (4), (11), (12), and (13)), and one or
more saturated fatty acid esters (typicaily exemplified by esters of hexadecanoic or
20 éctadécarioic acids a'nd of a monohydric alcohol R*-Of), is gubj ected to a further
| treatmeﬁt allowing for partial or substantially complete rcmoval of the saturated
fat;ty acid esters from the mixture of the ketal adducts. Such removal is typically
accomplished by distilling out the esters of saturated fatty acids under reduced
pressure .andlele-vated temperature sufficient to commence distillation of the

25  saturated esters but not the ketal adducts. Such conditions for distillation may vary,
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distillations are typically perfornmed under vacuum or under reduced
pressure, and can provide for a high purity nonoketal conpound in
practically colorless and odorless form Purified ketals of forrmula (4)
were found to be excellent PVC plasticizers conparable in their

PVC-pl asticizing properties to the esters of sebacic 20 and azelaic acids
known in theeghding ontempeirdneephmawmnwd e@w@bmtmeacrf d@iliad¥y al one or in

various m xtures, .includjn of her i rt, such
as esters ohaféWélérkHB‘W I“?&‘ %T:tlr%rspé &?eprfm@‘ldgg%t , é‘ﬁmﬁ %Q(YH‘asedngI gfﬁmgsr omatic

di car boxyl i a@qplmi)emﬁ (J3)ﬂﬁﬁz£\ﬁﬂgh©o@ﬁg eblmteemsgthaﬂ%aﬂypmeﬁﬂ)aﬁ WQj’s(éf ul are
m Xt ures coﬁarl si'ng 'plasticizer £poxi di zed

T A
trigl ycerl dé@hwthw%miﬁ ‘éﬁlﬁ%ﬁe%’ é% Hat eﬁefsof“ P54t5%5 zi ng PVC. Such
epoxi di z [ﬁeg XESI g S g@?oﬁ?aﬁdk@'f&aéfﬁ%iﬁﬁx&mal 1 ghrhyd Bpoxitaiszed

soybean |I epoxi di ze I nseed oil, ile other ep %dhzﬁﬂ veget abl e
oils are al amnglsmfpld d1st[1iat19u@dl‘rll}ﬁrmn*rﬁlillcé)tﬁséﬂgﬂ" flreclynis Aictg eI e d

fragnents prOV| de ; b ASous@ayenger s of
aci di ¢ pol y e ’&é(‘f’é {“(eg%ﬁ)%lmn]rlﬂgéB@?g(%&rc%gﬁaggs??cﬁgr coggounds are

useful to Wkﬁayﬁ*mﬁﬂ&tiahﬁma}l cﬁItheasanhat@h@umelaﬁpmdh@gﬂxmﬁ% di ng
flooring materials

ot e R i19n30"
bui | di ngs, @%Mffl?vzlﬁggngtlee "3’% berrfag)suglzgﬁ ugﬁuggtb@faaggag e%th@tr@s'i 1O fiSthe

p1 pe I ng, reinforced
hoses, gpti i Glagbn beakneise dPaakRAINGs with ﬂﬂmmlasacﬂzlnglpe@eﬁiem erior and

exterior autonotive parts, electroni u ses r single and
nul ti-1ayer eniplfQVtheﬂmmhhﬁ}ltY b‘?dfm@én’é?fg?fl 1}% Egggﬁamfaﬁgn,lap madug‘%J& A number
of | le”*l;Od' mé‘% d:)trhﬁt ]t% 16 feMBudaang nﬂﬁi@l%etﬁleﬂatﬁdtmtievuﬂiﬁicesﬂebahﬂss i t

Wi e undérs al

various nodificatibns
departing f repmtdﬂzed s uratedafatty S@@pﬁﬂé{tymﬁéuydFW%%&B%@@@S ngl y, ot her

enbodi nment s th i RGNMPLES
EXAVPLE | A ‘%W(jﬁr)g’l??g‘ bee%e&?’%B’edﬁ@B%E?t c{@é&(ﬂ@&gggﬁ@ﬁ%:ﬁ@% oféu o 7L 7170
1 O

brand, Arskermaj uwsetfmaaacbtwtmanmx@mphﬁedamﬁmwsfow A B €1é>)s
S T B e S e e as
progression gf fcfv?cfésfb€§h@h bﬁil@&ﬁdrﬁmetml\mmpbumbmmm‘:aiilyl cgw@}@swdg as
OO O o epoes s oS R G S R PR fund 0 e
plasticizers comparable in their PYC- plastlclzlnb properties o the esters of sebacic
20  and azelaic acids known in the art.
The plasticizer compounds can be used alone or in vgrious mixtures,
including manf Othﬂli Ipiasticizers known in the art, such as esters of dicarboxylic
ac1ds citric acid, and the esters of aromanc dicarboxylic acids (e.g., phthalic acid
esters). Particularly useful are mixtures oompusmg plastmtzm compounds prepared
25  with epoxidized triglycerides with 2 high degree of epoxidation for plasticizing
PVC. Such epoxidized tnglycendes can be typically exemplified by epoxidized
soybean oil and epox1d1zed linseed oil, while other epox1dlzed veﬂetable oils are
also useful. In such formulatmns the epomdlzed fatty acid fragments provide a
desired stabilizing effect by acing as scavengers of acidic polymer decomposition
30 p;"oducts. The plésticizcr cox_npouﬁds are useful to make various industrial and

consumer articles, including flooring materials, siding elements for exteriors and
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of 12.8 grans of finely powdered anhydrous potassium di hydrogen phosphat e,
20fol l owed by stirring overnight (12 hours). The resulting m xture was
filtered and the net hanol was evaporated under reduced pressure using a
rotary evaporator with the water bath set at 40 C. The resulting oil was
dissolved in 1 L of hexanes, filtered, and ﬁEhe. hexar{eﬁ. wer.e die%ti |l ed out
under r educ ederrestuildings iwindaw franes odbls st BEGPTR PPBEIHAE bar ent
product wth weak.oily ador igby iR&icbhaknetrand was

anal yzed byh€i§§’h?§ﬂ?céaéiqa§rﬁ’c?rar§§%§tgg%ﬁ%‘/ﬁ?mrrergaggeg%ectrorretr,y])é. Wen using a
TI C i nt egr ati@moTes fe, clécnenivichuipmentsasdvarigursrglaril aplirayfat el y 9% of
met hyl hexadecanoate,. 5% Ogt' rretcgé_leﬁggtadecanoate, 42% of nmet hyl -9, 10-
epoxy- 9- oct AdesHYAPEICe 3FRIE BhE 8 ¥ners of net hyl

9, 10, -12,13- bi sepoxy-9, 12- octadecenoate, and small quantities of esters
of other “saturated and epoxi di zed 3Qunsat ur at,ed tt i.ds. EXAMPLE 1B
Al ternatively, e@dmeké&ww ithe %ﬁ%‘?iyleéﬁvaégevr\b%gé}%?gpaﬁ ft; om an
edi bl e soybean ai | 4] Hoak Soldfidhtamd nGyrp amdy wWipotlr ans-
esterifi catﬁ\g e@%e&eség%\gﬁlygﬁngﬁﬁﬁggg}aﬁg 0. 95 %g of t%}ﬁ?soybean oi |l was
stirred 5 wideparnfrbmdie sppittadetope ohthgicHrlgs: 8‘5 di2gly; UMfhy dr oxi de at
40-45 C for ahouyt 6 hours.. e 4 Wl gmivas neutralized by

addi ti on of & oam “Sfaf%‘gﬁ%mglges é[r?e ‘1&% 35’?‘2{53 pot assi um di hydr ogen
phosphatyg, followed by stirring for 10 hours at room tenperature. Methanol
was distilled out of the resulti nggw%sunder reduced pressure using a
rotary evaporator and the remaini ng“sol ution was mxed 10 with 1 L of
hexanes and gf-hpwed o0 stand in a separatory funnel for 2 hours. The | ower

| ayer (crude glycerol) was discarded. The u [ i ni ng
hexane- sol ubl e nei062igmey ofiglly 6pq: ?Wo%ﬁgﬁﬁylgﬂgwgﬁy%ﬁéhexanes wer e

distilled ouf . under ArE§SH BhyEbRgmahanliasylndvapataatiog 2. 1 Ehe
resul ting faé‘{lﬂ?mgg‘iv(aj"rlﬁfe}tgﬁsﬁme'ster m'x?%?e (922 q, lgalne X}%%Oﬁ
transparent @isodinirthetipade. and Weé@@kl}lngét‘_‘iaswgﬁﬁ&}?? Gy CC- VB and was
found to be in accordan it YR iy fidkesSiBY bE@dhs @sterifiadtioy oaeitine

conposi t i on. TR ?H§a§?FO\g6A{6g§blTéeg in 0.5 L of hexane, nixed with 100 g
of aqueous 1Q%6 HObwéd Bngdsehminrtagriry c diterig iRE-SHBLITE B IR B0

surfactant, and was set for intense,stiresing by. Bansitaliza svagdaionc
stirrer. Wi foang erﬁ“ﬁ%tﬂ}“@ﬁ%ﬁ%m@g%tﬁh%éo&ﬁg ﬂ;lg?ti ?r_ed, 50% aqueous hydr ogen
peroxi de (a tpf2d 5@ 388ndly bowaseRtydehsipotyssivnt ¢HBIEEN RhASRORISH | ( 20- 40

m ) portions over an 8 hour peri in order _to. maintal k.afssPidaer m c
react i on20r xfallowedby &tifﬂéﬂﬁ%?"é‘tg[itrggﬁ‘@l% ﬂﬁée%g}qﬁll%{%%?ﬁfméf hexanes. The

progression gf 1@%&;%& REpAasd HB: tafeel fryssGEuMBg aAptay evepIRPEHiton was
found to be conplete, ther eact ion nifd)ét ur.e vvasaoggﬂodar gte dlafksSeparat ory
funnel, and theevaebetusst 4tdASE. (Thg &suliing oM@ AFEEY" The” Rexane 1ayer 25 was -
dried over anhydroy L. Shikd @tifledlot ifleedased pidseurbesinperaay distill ed
out under r eﬁﬁ%@ﬁ’ aﬁlgggeg%%‘%@s%e resulting oil (1'1. gc? Eg% waséﬁna‘gd)yzed by
GC- M5 and wasgvdpatnst. tAcclae tpnepatantprofyct v qek a1ty pdor(Ast BlobtS A HEY i n the
Exanple. %? obtaiﬁcd and was analyzed by GC-MS (gas-chromatogr aphy — mass-spectrometry).

When using a TIC integration method, the oil was found to contain approximately

9% of methyl hexadecanoate, 5% of methyl octadecanoate, 42% of methyl-9,10-

epoxy-9-octadecenoate, 40% of the isomers of methyl 9,10,_12,13—bisepoxy~9,1‘2‘
octadécenoate, and small quantities of esters of other saturated and epoxidized

30  unsaturated fatty acids.
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EXAMPLES 2-5 30Synthesis of epoxidized fatty acid esters was carried out
according to Exanple 1B using olive oil, canola oil, or corn oil sanples
obtained froma local grocery store in place of soybean oil, or according
to Exanple I A using an epoxidized linseed oil (Vicoflex 7170’brand

Arkema) in place of an epoxidized soybean oil. Al exanples were carried
out at a scalepgrR2i of the procedures described in Exanple 1, and al

other materials were scal ed down di.
epoxi di zed soybeéﬁe’@ﬁql"eﬁﬁéte?‘if“‘gl&‘? ‘%)ahf:ﬂg@%/aé’%d%pﬁ eélg g% {r%l}ltansogbga% 3T|
accordi ng t%dngé%%ef% n il (ﬁﬁsghér Ak mﬂﬁmmu&dﬂomﬁanjr)wufanmat e were

di ssolved in utyl nethyl ether. Wile rea n mxture

was stirred eﬂt&hﬁ{tatlp@@trd Qp@ﬁﬁéﬁi%tlt?ﬁcémﬁ? OrfHes offt h%soﬁ]éi’}‘ﬁ V(:asgllj? 0.01 m

of boron_trif o
1 ary eson S LEF pRINRNREA AR, CAdRd hREaRE UDas FF‘???“:Q“ﬂ he

tC ;arrp: L a; 3 (rj :a thlﬁﬂclrsta lfFB% regaﬁnr:; mn}fmr% wesmatiabzedibwteddinesof 4 & i ur e (18
Ceact o' m roEo et Ay dRiEeS IS Blip N AR G RELR S, WRudiad, oo o

15and the reactio
products We&@oxﬁ%ﬁﬁéﬁ@nﬁ:ebbﬂe@&nbﬁvas‘ﬂﬁﬂh@é&ﬁﬂf@mm&mmlxmguﬁdﬁund to conlt ainn

stereoi soners of the | I k
princi pal re%ib@@‘bﬁeﬁﬂ‘i?gi\{fg’cglsanljogﬂ?’ S‘E("“%”Sam?]é?g %erml o éiaﬂt%%ésweés

10 with 1 L of hexanes and allowed to stand ina sepalatory funnel for Z hours. The

lower layer (crude glycerol) was discarded. The upper layer (containing hexane-
solub.le materials) was collccted and filtered, and the hexanes were distilled out
under reduced lpre:ssuil'e‘ using a rotary evaporator. Thé re'sulting fatty acid methyl
ester mixture (922 g, pale yellowish transparent oil with weak oily odor) was

15  analyzed by GC-MS and was found to be in accordance with a typical soybean oil
fatty acid composition. The oil was re-dissolved in 0.5 L of hexane, mixed with 100
g of aqueous 10% olutlon formic acid contammg 500 mg of Tween 80 surfactant,
and was set for mtense stirring by means of a magnetic stlrrer Whﬂe the mixture
was continuously stirred, 50% aqueous hydrogen peroxide (a total of 380 ml) was

20  carefully introduced in smaﬂ_(20-40 ml) portions over an 8 hour period in order to
maintain an exothermic réaction mixture at a temperature below the boiling point of
hexaneé. The progfession of epoxidatidn was monitored by GC-MS. After
epoxidation was found to be complete, the rgaction mixture was separated in a
separatory f\innel, and the aqueous lower layer was discarded. The hexane layer

25 . was dried dve: almyﬂfpus sodium sulfate, filtered and the hexane was diétillled out
under reduced pregé.ure. The resulting oil (1.06 kg) was aﬁaiyzed by GC-MS and

was found to be practically identical to that obtained in the Example 1A.
EXAMPLES 2-5

30 ‘ Synthesis of epoxidized fatty acid esters was carried out according to

Example 1B using olive oil, canola oil, or comn oil samples obtained from a local
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20 wherein Rl is nethyl and R2 is ethyl. Representative mass-spectra of

the isomers are shown in Fig. |I. The reaction m xture was al so found to
contai n excess of unreacted et hyl | evul i nat e and unchanged sat urat ed
fatty acid ester that was present in the starting 15material originating
fromthe soybean oil. The reaction mxture was also found to contain
snmal | quantlgtm?;?@(ﬁm doybls&)ml dﬂﬂ@co@@ﬂgtoﬁuﬁmp@b%nsmgaﬂs met hyl and
R2 is ethyl

(pr opar ed aceardrrgosseElnpR) hbefT e RBT Pt ot AT taPRe L P

levulinate, 306qkBR ABRGLLHRs Whpelcuriizd bt M@&caiagﬁtél% cpihb yrosedurarsed under
nitrogen. Wiaite the solution was stirred ﬁa(gécbonwa itiated by
ai”éfe(s&

addi ng 0. 02 detcribed bosmple | fapﬁélﬂp%r@?tlei’é?l THhPI8%F f ect was
observed) The progress of the reaction was foll owed by GC-Ms. After 30
m n, sdnpl e was taken for GC-MS analysis (sanple A), and an additional O
02 inL of batXWPEED| uori de etherate was added. After further stirring for

e SOt 0 SR R e SR e D
ver e conpoungyiehh oil according to Exampie 1, and 1 g of anhydrous ethyl 1evuhnate were

dissolved in 5 ml of ters-butyl methyl ether. While the reaction mixture was stirred

10 at room temperature by means of a magnetic stirrer, 0.01 mi of boron triffuoride

etherate was added to the reaction solutlon and a mildly exothenmc gffect was

observed. After 20 min of stlmng the temperature of the reaction mixture had

returned to room tempelature (18 °C), an additional 0.01 ml of boron trifluoride

etherate was added, and the reaction mixtufe was stirred for an additional 30 min,

15  and the reaction products were analyzed by GC-MS. The reaction mixture was

found to contain stereoisomers of the levulinic ketals of formulae (4) and (11) as

principal reaction products:

OR! ,
o)
s0008
ﬁi o 10 o

NM_WV\AORZ(Il)’

20
wherein R' is methyl and R* js ethyl.
Representative mass-spectra of the isomers are shown in Fig. 1.
The reaction mixture was also found to contain excess of unreacted ethyl

levulinate and unchanged saturated fatty acid ester that was present in the starting

25  material originating from the soybean oil.

20



OR1 and stereoi soners of an epoxi de-ketal conmpound having fornulae (13a)
and (13b): OR OR2 (13a), OR o0R2(13b), 5 wherein RI = R2= nethyl. The
GC- M5 anal ysis of sanple B showed that the principal reaction products
wer e conmpound (4) and (11), and only traces of conpounds of (13a) and
(13b), were observed, thereby indicating that conmpounds (13a) and (13b)
are internediates in the formati on of conmpound (4) resulting froma

10st epwi se addition of levulinic ester to the bis-epoxide pr % t in the
starting naflieiegction mixture Rapples Bypa i Wt%%%ﬂ%%‘é&fﬂtfeg %FOIWE‘Bg u%s (4),
(11), (13) formed in this exanple are shown in the Figs. 2A and 2B. 15

EXAMPLES 8-12
OR' OR?
0
/ .

o000 9 ¢ O O

\)—U_U_W/\)LORz (12),

5  wherein R' is methyl and R is ethyl.

OR?
O O

EXAMPLE 7
1.mL of epoxidized soybean oil fatty acid ester (prepared according to

Example 1) was dissolved in 4 ml of dry methy! levulinate, and the reaction mixture

10  was magnetically stirred under nitrogen. While the solution was stirred, the reaction
was initiated by adding 0,02 mL of boton trifluoride etherate (an exothermic effect
was observed), The progress of the reaction was followed by GC-MS. After30
min, a sample was taken for GC-MS analysis (sample A}, and an additional 0.02 mL
of boron trifluoride etherate was added. After further stirring for 30 min, another

15 sample was taken for GC-MS analysis (sample B).

| | l’fhe .GC-‘MS analyéis of sample A showed that the principal reaction

products were compound (4):

OR!
OA\NO OR?
XX
0
(4),



The reactions were carried out as described in Exanple 7, wth the
exception that in place of boron trifluoride, one of the follow ng

catal ysts was used: anhydrous SnCl2 (50 ng), SnCl4 (50 ng), TiCl4 (50 ng),
or p-toluene sulfonic acid (20 ng). The reactions were carried out at
60-80C for 3 hours. The GC characteristics and 20 the Ms-spectra of the
product s obsed wiedoistinéb 08 &n epaitelieal vanmuid halihg foraplec(iSa) denidiwal to

t hose observed in Exanple 7. EXAMPLE 13 The reaction was
carried out as described in Exanple 7, except that instead 25of the

epoxi di zed fatty acidsgopf Exanple 1, 1.2 g of epoxidized soybean oil
(Vicoflex 7170, Arke was used, .and the anmount of boron trifluoride

et herate catal yst used s 0.05 M (introduced all at once). Upon

conpl etion of the reactNon, nethyl levulinate was distilled under reduced
pressure. The resuldi i | was di oI ved in 50 mM of hexanes and was
washed once i Qﬂﬂumfl uoride, and then tw ce
with 20 m of water. The hexane sol ut| s dried over anhydrous sodium
sulfate, filtered,prRand t he sol vent was renoved under reduced pressure. A
pal e yellow oi |l 42,32 g) was obtai ned that contained ketal adducts of

nmet hyl | evulinate and epoxidized oil. Half of this oil (0.66 g) was

di ssolved in 10 nlL_>xdf met hanol containing 0.2% w w of sodi um et hoxi de,
and the whol e was 10stijyed for 2 hgurs. The reaction m xture was then
neutralized StYTrimg h OfORA{BIydIr ous finely powdered potassium
di hydrogen phosphate for 3 hours filtered, and the nethanol was distilled
out undef reduced pressure. The residue was dissolved in 10 M of hexanes
and filter e@b«heifé‘waheRéﬂ@fﬁetmr erhé@msdnummfsmdmmqwmmm and the
resulting oil (0.46 g was anal yzed by C@N%t ﬁ‘&f%ﬁ n’gom ion of this
oi |l was foumnﬁléalbéac %EW&HW&’I"W}FWE@WN fnd (B 1) btaFH8l in Exanple 7.
EXAVPLES 14+ c@q% Jifis 85’@%@%@(1%Sw&ébbée@ﬂadomleaﬁﬁﬂ[ddtxﬁ@thh&oﬁi{ﬁﬁ@dse 7,

except that et ead o epoxi'di zed esters of Exanple. 1 IB i di zed _
esters prepdt¥d a&t@ébbﬁmgﬂ@@e@ﬁéﬁsﬁ%}ﬁﬁ?@@h@@ W@“’E&@@Iresﬂlt EFPBflict s were

f ound thCOQEeIath%e\éﬁcﬁzﬁ ngflg%ﬂ‘{n% L &% Bk b %H@ﬁeﬁéﬁ)ﬂﬂﬂ@s&xﬂt , Wherein Rl =

R2= et hyl por ions reflective o abundance of epoxidi zed
met hyl - 9- ochmulmaénoate and et hyI 9, 12- octadecanedi enoate in the starting

materials. In adiye;tarlege%tatltvg %1 S5- spect?a oPc%En 'oﬂ?ﬂ (jl}r, f’lrf'), (13) formed in this

exampie are shown in the Figs. 24 and 2B.

15  EXAMPLES 8-12

The reactions were carried out as described in Example 7, with the exception
that in place of boron trifluoride, one of the following catalysts was used: anhydrous
SnCl, (50 mg), SuCls (50 mg), TiCly (50 mg), or p-toluene sulfonic acid (20 mg).
The reactions were carried out at 60-80°C for 3 hours. The GC characteristics and

20 the MS-spectra of the products observed in these examples were in all respects

identical to those observed in Example 7.

EXAMPLE I3

The reaction was carried out as described in Bxample 7, except that stead

25  ofthe epoxidized faity acids of Exampie 1, 1.2 g of epoxidized soybean oil



25t he nmethyl esters of epoxidized linseed oil fatty acids was found to
contain copious anounts (approximtely 35-45% of the triketal conpound
(12), wherein Rl = R2= nethyl. EXAMPLE 18 30252 grans of epoxidized esters
of soybean oil fatty acids were dissolved in 745 g of dry nethyl

| evul i nate, and the whole was magnetically stirred under nitrogen, and

then heated {0 éﬁ%ﬂﬁju/ﬁ& R0, ﬁﬁ'thdoﬁﬁdhnt Byopdn mmmdmwaeet her at e
(1.2 m) vvas( ?lrgo?u@e/ In v

ortions (0.3 m eagﬁxgnll[e Hln intervals,
while the r e:amtysbmsedva@s aﬁ@nétﬁn@aqmopd al atrqneg) AR9D FBTR 3?1?1%%‘ Sfe288%0 ¢ by
means of an ou{)péﬁ E{‘% 18&95&%361%(1&09@ FeRfd 1198 rYRgingRiwar ed by GC- M.

After all of™f was |ntroduced stirring was continued for 1 hr
at 70 C, andijgshred oo 1ﬁrmft1ieemeiartﬂrwatwar?:b@ﬂrwltceﬁvrbfélrlﬁtlﬁﬁﬂ 2q9aethYYe | evul i nate

was distilled off _ un I. ure R f AlANWYas@¥aRgor at or,
with the$ heé@ﬂlﬁﬁl%‘é’ﬁlﬂes@? \wg%ﬁ 110 égg?ﬁéllﬁia%ﬁ%%lu%&puaép capabl e of

provi di ng an,evahikabs &dnhhmsm&wﬂmlea hﬁd Itlmlmnmgasocnwmynﬂﬁr r@d@@él ved in
600 nL of hexanes and was washed ng 1‘6 @’? % Pa&ﬁﬁu&g
fluoride, armeshien Apaisediomgicd- 358 Fay 8e %ag}e ed hexane

sol ution was étnﬁrie h'n%g %XMQmomlm@wm Qubd @tmaimmed teited. The
filtrate was €o and ‘hexane distilled out under b H(g:1 pressure

until a constiBf 1mé1ag¢itcomaslllw s e seriumprethogids) #1991 S8 oi1 (336

g) was of pale e Buiti- e bpitiin@dah Otgypi cal  of
net hyl osélgﬁ%g 3’ “%n r%‘}‘%\/ngla)l{smg'!rﬂt:&a]tle;Jj}‘éstﬂéqfl1 NG ayr)\sdlv\gg; fﬁgnd to be

pract i cal ly drd@nydread fifety pd:v@:lemdrpptwssmmdlhyﬁ@gﬁm@%ﬁéﬂ%@if devsi Wdedecor di ng

to Exanple 6. EXAIVP ES 19- 0,75 e t n Exanple 18
was placed i#ddhsmE ﬁ‘i”:‘l?"’(ﬁlﬁﬁﬁuﬁ%it(fuég\“%f dk"ecﬂ{ ﬁgd@%egid? gfb g’%l ng

Kugel r ohr - t yRg RRAZE 86 1S of RiXEned aﬂ@ﬁwawﬁlsemmaswxwmgechurwhp capabl e of
providing an eventual  vacyum of

|1
cont ai ni ng stednasd paespae.api e Tﬁ%‘é‘“@é)hlt%ﬁﬁﬁg&’ta%? eénga ﬁ;s I@ hheat gun set
to provige a, il & Ok A &6 Bhid BlbedMbidatiall pidabtoaloftion obrimedmcenment of a

Example 7.

EXAMPLES 14-17 _
The synthesis was carried out according to Example 7, except that instead of

20 epoﬁidized esters of Example 1, epoxidized esters prepared according to the
Examples 2-5 were used. All ‘products were found to contain varying quantities of
compound (4) and (1 1) Wherem R'=R%=methyl, in pr opomons reflective of
abundance of epoxidized methy1—9 -octadecenoate and methyl 9,12-

octadecanedienoate in the starting materials. In addition, the product obtalned from

25 the methyl esters of epoxidized linseed oil fatty acids was found to contain copious
. ol 2

amounts (approximately 35-45%) of the triketal compound (12}, wherein R =K

methyl.
EXAMPLE 1 8

30 252 grams of epoxidized esters of soybean oil fatty acids were dissolved in

745 g of dry methyl levulinate, and the whole was magnetically stirred under
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25steady distillation of nethyl hexadecanoate and nethyl octadecanoate.
The distillation was stopped after approximtely 5-10 g of nethyl
hexadecanoat e and net hyl octadecanoate were collected in the receiving
flask, and the content of the undistilled material was evaluated for the
presence of residual nethyl hexadecanoate and nethyl octadecanoate. The
procedur e ofmitreen\val tiedh heetetyd 7B hemaths o pveil bathn Bormtitifitorglét adecanoat e

vas 1 oBea S0 SEiel ] DL SACLL LRIy S LAY 61 Gl o

;
mat eri al . 0 contain principally
St er eoi SoNenghiRfihd gtz Rk eiahet{cAlly stiitbdtahé ndintehad at G0, °Canydnsmadl

titi f triketal (12), ein R R2=.pethyl .1 i i xt
o 2 opounddnathtati The presies of Beceian Herariosib ACaS, ATt it ™ Xt ures

hexadecanoat IEhHY 0L BARGARAAb MBI %21 Hr BE7PTORAA Hic®s. The total
cont ent gf r?gttaﬁgﬁ% hexélgedgnoate and net hyl octadecanoate, when taken

t oget her, wasotheguhl af codyetdmpsmtathan 0. 1% (Exanpl e 19)., approxi mately 1.5%
(Exanpl e 20), apRroxi o 72 -Eglﬁadggl- PhO iR gy 5. 1%
(Exanpl e 22) by %@%ﬂ%ﬁ%ﬁéﬁg%g 0 ug?ﬁ%‘?%e?rﬁgﬁg‘gm gt tfre ofD‘ conpounds
prepar ed acaoiati ¢vgpdratoExetipthe hdAing bathtsetiah il 0y 1 Y Ed@nd neing b yadedmal s (4) and
(11), wherein Rl= =. met.hyl , wer aced |n_a ) . I Ol bottom f | ask
attached to p&mp&?’éﬁ%&%‘bf%ﬂgﬁgéiﬂrey?@bagk énﬁ%g?dg ll?é_,ﬁ%(r?l?fq!e%m\g%g&%% was applied
usi ng a JPUNRIiEaRaDIE00fmID bONE:x@hEGna Brae wesited alithvi@o mino £2% @qdeons | | i bar. The
rotating flask contai ning starting nmater,i S ntly 15heated by nmeans
of a heat glﬁﬁd@@tﬂ%dﬁraﬁgiﬂéfé‘ "é33§?cgté"é?ﬁ%‘fh ?Fl’é)éf‘vﬁ(gvgﬁ%?r zﬁ(‘e?@géatlw{a@gnt le
distillati O%}M?i%%%mﬁ%ﬂﬁﬁed o PR Al ARIR Q% dTEth @k Matd 2n D B, Of hedliiBith blaat e was

collected into the receiving vessel, and the distil]ation was, g}fﬁgped by
om

turni ng the dobedtedonfl hexang didiidledrautaimiienreduged BregiurOWit 2 constab el

t enper at ur e under. .vacwum. . The di.stidl.k ) aoliagdically
SRFRLAC T colRife B Zoh%sﬁsa@@aggmgﬁe@@%mg oliasd | calty

col orl ess and odorl'ess ol -was 20 "an Y _ an
be 96% pusr e Indadkiat @ly wonppimtiofMythyhilesdetarome. Thepit waearayzed iy Bles of -

compound (11), aS&\%a fo%xqglto(1}93@21&}’&’%3‘?1'@&%91 H MR mb SR St Buct

obtained according to Exaraple 6.

EJHMPJiES 19-22

20 75' g of the product obtained in Example 18 was placed in 2 500-m] round
bottom ﬂaék attached to a rotating Kugelrohr-type apparatus, and a vacuum was
appli_ed usiﬁg a pump capable of providing an eventual vacuum of 0.1 millibar. The
rotating flask Contaiﬁing étarting material waé gently hgated by means Qf a heat gun
set to provide alt stream of heated air at 250 °C, to allow for commencement of a

25 s_teaéy distillation of methyl hexadecanoate and methy! octadecanoate, The
distillation was stopped after approximately 5-10 g of methyl hexadecanoate and
m'ethy-l octadecanoate were collected in the receiving flask, and the content of the
undistilled material was evaluated for the presence of residual methyl
hexadecanoate and methyl octadecanoate. The procedure of removal of methyl

30 hexadecanoate and methyl octadecanoate was repeated several tiraes, éach time with

a fresh bateh of starting material. The resulting materials were found to contain



The residual oily material remaining in the distillation flask (Exanple
23B) was anal yzed by GC-MS and was found to contain approxi mately 80% of
t he 25stereoi soners of diketal conpound (11), 12% of the nonoketal (4),
and small quantities of the.triketal (12), wherein Rl = R2= nethyl.
EXAMPLES 24- 28 16 granms of the m xture contajni n% ketal (4) and
di ket al (11)prinBipatty Rerecisomes hijthe ﬂ@@olmtalrﬁ@iaﬁérfh%@?f&ézgr)s%ﬂ ﬁF@bar ed

accordi ng Exanple 19, . ' 1iQ24 E0iey BfxudrBeotf ol | owi ng:
(24) absol utqé‘g‘g‘lt}?éHgP‘k\\éA\?‘fﬂglig’%}%@‘?%at ] yg‘ﬁﬁ’g’%@ﬁe\%%f B o de,
(25) anhydr eusipBuitdtvanoilsodohd mopnii meleinyoudts 29smaihil rixadesanaita a8ut oxi de,

(26) anhydrous, i sobytanol w th.approxi.nmat 9 J i sobut oxi de,

(27) anhydr GahyIERASAGH BHATYINY HRPG IS0, Tt sy bRy o O but oxi de. | 5( 28)

2- et hyl | isexyexalccaioale anii biztidl 3ddtarmer] wherdaenhyddiexoxisdeund to be Icshe

solutions were stirred for 12 hours B}/ %ezﬂs of gnetic stir,;éong at room

t enper at ur e thaed. &y (Ersaple éQs pRoamatehs! - %A Rmals &P $1PER P8 s noni t or ed

by anal yzin L foRaetd Mypt ket by GC-Ms. M xtures of
%ﬁgﬁ@k (Qi‘ji')m?&'%m&ha& 1% Ak dn@le 10) %Y Webfh

conmpounds ( erein Rl or R2 are each nethyl and wherein one
of Rl or 10R2 is nethyl and the other is ethyl, n-butyl, isobutyl, isoanyl
or 2-ethylh %}gﬂag det ect ed. Represent ati ve nass-spectra of

nonoket al '(%f |”1?<et al (11) prepared and observed in Exanples 24 and 25

are showo in the 96igsns & themiidyre Désqmmhm%arwace@rd'm}géo Exampl_e 19,
GONE anal y SPUSTREMPRGEOT KA T B8 (o S oA ST ofey FRe! 20 11 on of
0.4- placed in 2 500 ml round bottom flask attached to a rotating Kugelrolu'—type
ainpé:ratus, and a vacuum was applied using a pump capable of providing an eventual
Vééuum of 0:.1 millibar. The rétating flask containing starting material was gently
15 héa‘tad be -means. of ra hea'lt gun set to provide a stream of heated air at 350°C. A
gentlé éistiilation Vwa.s cérmnenéed, and approximately _3‘2 grams of distillate was
collected into thé lreceiving \;'essel, and the disti_lllation: was stopped by turning the
h.eat o‘ff; and the materials welre alloweﬁ to cool to room temperafure under vacuum.
The distillate (Example 23A) was a practically colorless and odorless oil. It was
20  analyzed by GC-MS and was found to be 96% pure monoketal compound (4),
wherein Rl=R*= methyl. Txaces of compound (11), (132) and (13b) were also
found (Example 23A). 7
The residual oily material remaining in the distillation flask (Example 23B)
was analyzed by GC»MS and was found to contain aplpfoximatlely 80% of the
25 stereoisorﬁers of diketal compound (11), 12% of the monoketal (4), and small
quantities of the;triketal (12), wherein R'=R*=methyl.
EXAMPLES 24-28
16 grams of the mixture containing ketal (4) and diketal (11), 13‘ =R’=
methyl, as principal céngeners, prepared according Example 19, was dissolved in 4{
30 ml of one of the following:

(24) absolute ethanol with approximately 0.2% w/w of sodium ethoxide,



0.5 g of powdered anhydrous potassi um di hydrogen phosphate, followed by a
vigorous stiffing at roomtenperature for 24 hours. The sol utions were
then filtered, and excess al cohol from each sanple was distilled out under
reduced pressure on a rotary evaporator until a constant wei ght for each
sanpl e was reached. The 20 resulting oily products were anal yzed by GC M
and were found t@SQ@W}QIWSMWW%WWO@@%B’W“(/H’)Oféﬂ‘gm(‘ill), wherein Rl
= R2, and Rlbu%n R2 are selected fromethyl, n-butyl,, isobutyl, isoanyl,
2- et hyl hexyl". EXEMPLES 29-40 25Trans-esterification reactions were carried
out accordi ng t o(X6xatipldes:s 2sbbardol2E(h aprespratall 8¢ % pEsodiuar sptgeee er i al s
conprising levulinic ketal .adduct.s . 0 Nere according to
t he Exanples 18, (%?‘ rous 35083y al&ﬂ‘éﬂ%}:@?gtééefj%gsu f%"’%g‘%g"?%" gdgi m xt ures
had Rl =5R2 sel egisgd.difymmexst slydhodivith 6138 ofisodinch Bethyhexmievar i ous smal |
amounts of ethyl or n-butyl esters of hex%decanoiﬁ or Qcttadecatnoi c acids
in 30quantities dbastuticnstverk sthredHe; k2 BaBE 0 ARE8° PIMEHE S PP g materials
prior to the,tp %ﬁfera@tﬁ%?ﬁ 4 (nC 3 Rlksion EXAYREES-&leriflcasdd wisatehifdydd by

conposi tions conpri si ng "‘conpounds $_4) and (11) were ‘reparre]d. Sanpl es of
neat pl asti cinasringsmpbarmborsoftherreartien mprnes hyLlaip: Wg"t&‘f?ﬁﬂ ts of ketals
(4) and (11), prepargd r o t anpl iPotel@rROBghl y
pre-m xed iﬁoﬁl&"ﬂﬁf (“gﬁé‘@gﬁai ‘g{@&%’?r‘fﬁﬁr%S%%%ﬁﬁ%?d?%ﬁrg%e M. ca.

55, 000, 1averrdgembihyidadGiR0othémihethglng-buiyk cobityly i0angl orZetthylhey! WFScosi ty
2.23, supplier Sigma-Aldrich Conpany, Cat. No. 34,677-2), in proportions
provi di ng f gietegtedi nal pl asticizer content of 20% 40 or 60% by wei ght.

Bi s- ( 2- et hyl hexy RepRbdnfalvatntass-Bicsfr2oBhtnykbieki) nddibesl(l t) memrapodi di zed
soybean oi | \ﬁcoffex brand, Arkemn) were 1Qused as referenc

pl asti ci zer PosEaeshinFxamples 24 8ud £7 #§ ShAwa 1A g% @ﬁﬁdfe\%l?eﬁﬁ‘éei ':I?‘y fed into a
pre-cleaned m ni atdll & oL EleSEH HUBA B0 stlitantlidyhenplet, @ jldzed o
M cr oconpounder ca Instrunments) under nitrogen, W.th a.he n{j@d ng chanber
heated ti6 16fy G5-Mehalyses, thetreactigpBidusewersmeniypized by pRddifPReitd was then
m xed for abput ] | 1 hkiBepiewtd d out of the
m xi ng 15 Cﬁgﬁﬁgfp Oa%s&gédﬁ%g%@éﬁséﬁ ér?%sg] u%fdc}}gyrge@g? pl%@%t@ whi ch }%I\&gg i ;Hmdi ately
cool ed to roggerbwnyeaimtairem Engetaten for dd hours. The saintzs wersihe figes
tenperature data (by differential sc i ' bagtici zer
exudati on déf eﬁifg%%ﬁ‘gpﬁ Ergfneec?dﬁ?}mr%)ge g%é?????gﬁ{ %}eg%&ggipr?rééﬂgpcut fromthe
extruded rodggar bra@e U ehnianttwe g farengirsapiptegrsorpbeh dBhe 4) and/ or

(11) were found to have, sati sfactor I i«Ci Zi D rii as judged by
obser vat3lon 165Ul duedciss¥eTp %%egpgﬁ%p%ﬁéﬁeger %@8 (Fﬁ) %)I(l)l{ra?%ari son wWth

t he non-pl aﬁ{.rgﬁﬁgglﬂg%Mlgg‘ljnds'(};ﬁnaqimgulﬁuﬂanWé#e{zailﬁmlfzcmdriﬁ atecselvaied
excel Il ent pol ynmer conpatibility, propertkﬁﬁ, le th a mniml or negligible
exudat i on updem athgk newityldreRmarl sepnbdstetupgyl

EXAMPLES 29-40
25 Trans-esterification reactions were carried out according to Examples 24 and

25, except that the starting materials comprising lev_uiinic ketal adducts (4) and (11)
were preéarec‘l accorciing to the Examples 18, 20, 21, 22, 23A and 23B, the resulting
produt':t mixtures had R_1 = R? selected from ethyl or n-butyl and contained various
small amounts of ethyl or n-butyl esters of hexadecanoic or octadepanoic acids in
30 quaﬁtities consistent with their abundance in the starting materials prior to the trans-

esterification.
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25pl asticizing efficacy of the conpound m xtures prepared according to
Exanpl es 18- 40 were found to be superior to, or conparable with that of
bi s- (2-et hyl hexyl) phthal ate. PVC conpatibility and exudati on properties
were al so found to be superior to that of epoxidized soybean oil and

bi s- (2-ethyl hexyl) phthalate at the plasticizer concentrations tested.
30An opti malggqpbimnati on of the plasticizing efficacy and conpatibility

was observed under the conditions, tested, when m xtures he pl asticizer
il e

conpound conpri StaatigrddOfR FREFROSHORDFHERBISHE CPRPOHNg & (11) havi ng

R = R2= et ; dielzBdoBpohAEmBAIrE! @mpdkingReryiigt ur es of
pl asti ci zer?}[ég%%%'r ?%@H%wr)r%lnegﬁg% al Z( 4)0 1apr?d dlinket al pillpel 1 wherei n the

1),
concent r at i emoofits af kathls o radied hmperdaaepiding {1 EoeiddSaifodt% was at about
5% or | ess wej ght of. t | asfl Gl : W+ L Rehbel bRk fQRRatibility
of the pPasti®? %ef]ﬁlx%{]}%zgr@ és}%sg\lxgagr’r%ﬂ?%rg@yﬁ no e%da?? on as conpared
to those sanploes, dveraghM 07006, inberedviscadiiydd2ofeladivi yiscosiix gddcamwaligle and

al kyl oct adecanoat e, in e t 5% )| E. | es of

pl astici zed WN%@%@H@%?%?%@%%PBQE%%R gllﬁgqult% ?%g C,

suppl i ed by His@iBerRbiehtQT 20%; 40 Hos0%8By Fefefit. Bis-(Wethelhprdpeitiedatadtor di ng t o
Exanpl e 41, wth the exception that the tenperat rebof t%? ma)><|Qrg chanber
was set at 1B@thglhenylxpahgeals #nd speradices soypean ,woglﬁﬁ T BT i he

pl asti cijger %HT% 1adRtBR| e5cH & tHOr SRR nbitngs Wakahdividddliyaed (11)

wer e tesltéedua ,%flgge,ﬁcg%aa‘nd 30%c15 by .I\-/vei gﬁ% M xture Of%fgl asticizer
conpounds  wien @ipne-Rie@ned nimiait trpR-sepw SRGHCX RIS chyahfd °t 8PAMe satisfactory
plasticizing,efficiency. , Wl ME) BYAE rwikhGe GRAdE bhamsert est ed when
t he concent %@Pf%ﬁmg?uncgfgh@%g%ﬁlg@%%g 1-{5111? érol}lﬁ%%ﬁ’o%"abgm 20% by wei ght, and
when the comegsd toofeotole ambihe emponpkiedgetat k0 oo xXEganizmentes heabmarady |

: 0 P ! ‘ L _
Eg(;\%gﬁ Eazgatfgr a\\l\b%lslt Sa ;[mn%l;:es.b%&lg \rlgs._l?l 1'?151[:_J %neil[ WSas/qtkpe\ﬁ e%c%ﬁtoupgf tﬁ&%m%gas'[ Icizer. 20

15 chamberasa flexible rod (diameter 3 mm), which was immediately cooled to room
temperature in ambient air.

Glass transition température data (by differential scanning calorimetry), and
plasticizer exﬁdatibn data were collected using plasticized PVC specimens cut from
the extruded rods.

20 All compound mixtures comprising compounds (4) and/or (1'1) were found
to have satisfaétoxy -plastiqizipg properties, as judged by observqtion of lowered
glass transition tempéfatures in .colmparisqn w.ith the non—plla.lst_icilzed polymglf. The
compou.ﬁds were also fdtmd to have excellent polymer compatibillity properties,
with a miniﬁlal or negligible exudation upon a stress exudation fest. The

25  plasticizing efﬁéaqy of the compound mixtures prepared according to Examples 18-
40 were found to be superior to, or comparable with that of bis-(2-ethylhexyl)
bhthala.te. PVC compatibility and exudation properties werela_lso found to be
superior to that of épo;;idized .soybemj oil and bis-(2-ethylhexyl) phthalate at the
plasticizer concentrations tested.

30 | An optimél combination of the plasticizing efficacy and compatibility was

observed under the conditions tested when mixtures of the plasticizer comp ound
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Pl astici zed pol yner conpositions were [
4 prepared accordi ng to Exanpl
except that a cellulose acetate polymer with 39.8% acetgl conteﬁ :ngzi\/l
cg:[ 30,000 (Sigma-Aldrich Cdt. No. 18,095-5) was used. The results
obt ai ned were simlar to 25 those obtained with the PHB pol yester used in

Exarrple 42 VWHAT IS CLAI MED | S:

\g/perB e:g hRddomwlsadmledeWaﬁﬁlmaFO‘GW@9 nﬁéﬁﬁ%ﬂ& Ihggmﬁllgzgoﬁ élekfﬁ one of A
ydr o ey

Y are i ndopR e bR, T el B B P e ‘Zﬁmmggﬁﬁd. s

the range fmonoitdl ¢4)2ad dmem Cdipdwrrin thawPgnEatonses Akal léP\a‘é?C?%@“

and alkyl octadecanoate was at about 5% or less by weight of the plasticizer,
5 exhibited better compatibility of the plasticizer with PVC and showed virtually no
exudation as compared to those samples in which the concentration of alkyl

hexadecanoate and alkyl octadecanoate was in excess of about 5%.

EXAMPLE 42

10 Samples of plasticized PHB, (poly(3-hydroxybutyrate, natural orlg;n, Tm
172°C, supplied by Sigma-Aldricli Cat. No. 36,350-2) were prepared according to
Example 41, w1th the exceptlon that the temperature of the mixing chamber was set
at 180 °C, mixing. nme was set at 3 min, and mixtures of the plasticizer compounds
of Examples 18-40 comprising ketals (4) and (1 1) were tested at 5, 10, 20 and 30%

15 by weight. Mixtures of plasticizer compounds wherem R' = R*= methy] or ethyl
were found to have satisfactory plasticizing efficiency and compatibility under the
conditions tested when the concentration of plgsticizer was at or below about 20%
by weight, and when the content of the con'esptmdin g alkyl hexadecanoate and alkyl
octadecanoate was at or below about 1.5% by weight of the plastfcizer.

20
EXAMPLE 43

Plasticized polymer compaositions wete prepared according to Exampie 42,
except that a cellulose acetate polymer with 39.8% acetyl content and M, ca. 30,000
(Sigma-Aldrich Cat. No. 18,095-5) was used. The results obtained were similar to
25 those obtained with the PHB polyester used in Example 42.
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15wherein: Xis (CH2)",-B 0. R3(CNA wherein: R3 is a C3-010 linear or
branched al kyl or al koxyal kyk one of A or Bis hydrogen and the other
is an esterified carboxy group; and mand n are independently integers
fromO to 20, wherein the sumof mtn is. 5in the range from8 to 21. A

conpound having the formla: wherein X is selected fromthe follow ng:
R30(CE12) m A
WHAT IS CLAIMED IS:
L. A compound having the formula:
5
T (CHZ)m“B
o]
R‘l
\O
°7 Derra
wherein:

R is a C,-C}o linear or branched alkyl or alkoxyalkyl;
one of A or B is hydrogen and the other is an esterified carbo):y group; and

10 m and n are indep:endently integers from 0 to 20, wherein the sum of m+n 18

in the range from 8 to 21.

2. A compound having the formula:
X

/

@]
O

O
15 wherein:’
X1s

(CHz)mB

/O ‘
R (Cteh
/ ’ ?
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10)1"1---(CH2)"-B and R30 ( (CH2)n-A wherein; R3is a ClI-Cl0 linear or
branched al kyl or al koxyal kyl; 150ne of A or B is hydrogen and the other

is an esterified carboxy group; and in and n are independently integers
fromO to 20, wherein the sumof mtn is in the range from8 to 21. 4.A
conmpound having the formula: ORI wherein: 5R1 and R2 are independently

a Cl-Cw | i nearwlreibr anched al kyl or
R? is a C;-C)g linear or branched alleyl or alkoxyalkyl;
one of A or B is hydrogen and the other is an esterified carboxy group; and

m and n are independently integers from 0 to 20, wherein the sum of m+n is

5 in the range from 8§ to 21,

.3 A compound having the formula:
X

/
o
0 :
0

wherein X is selected from the following:

R3O (€ Hz)rﬁ'A

—

ﬁio
2

(CH2>G‘|_B and

10
R0 (CHo)m B.
O
% (CHa}-A .
wherein;
R?is a C,-Cyo linear or branched alky! or alkoxyalkyl;
15 one of A or B is hydrogen and the other is an esterified carboxy group; and

m and n are independently integers from 0 to 20, wherein the sum of m+n is

in the range from § to 21.
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al koxyal kyl . 5. A compound having the fornula: ORIORI OR2 10wherein: Rl
and R2 are independently a Cl-Cl10 |linear or branched al kyl or al koxyal kyl .
6. A conpound having the formula: OR OR ORl wherein: RI and R 2 are

i ndependently a C1-Cl10 linear or branched al kyl or al koxyal kyl .

4, A compound having the formula:
OR’ ,
O
- Q
wherein:
5 R' and R? are independently a C;-Cy linear or branched alkyl or
allkoxyalleyl,
3. A compound having the formula:
OR'"  OR'
0 0
o o © © e}

10 wherein:

R' and R? are independently a C;-Cio linear or branched alkyl or

alkoxyallyl.
6. A compound having the formula:
OR? OR!
0 O 0
ys .
0”0 00 0 o : 0
{5 \)—U—U'J\/\/\/\/mo,@

wherein:

R' and R? are independently a C;-Cio linear or branched alkyl or

alkoxyalleyl.

31



7. A conmpound having the formula: ORlL OR2 wherein: 5R1 and R2 are

i ndependently a C -Cl10 |linear or branched al kyl or al koxyal kyl. 8. A
conpound having the fornula: OR2 10wherein: Ri and R2 are

i ndependently a Cl-Cmlinear or branched al kyl or al koxyal kyl. 9. The
compound of any one of clains 3-8, wherein Rl and R 2 are 15i ndependently
sel ected fromthe group consisting of nethyl, ethyl, n-butyl, isobutyl,

i soanyl, and, 2-ethyl hexyl..” 10. .The conmpound of claim9, wherein R and
12.2 are ingépendgﬁFW§“é8P3@P§ngﬁmﬁthegroup consi sting of methyl

ethyl, and n-butyl. 20 11. A nmethod §gr preparing a conpound of any one of
clainms 1-8, or mxtures thereof, % nmet hod conpri si ng:

wherein:
5 R' and R? are independently a C;-Cy linear or branched alkyl or
alkoxyalkyl. l
8. A compound having the formula:
OR!
0
e 0 o O
/\/\)—kw 0OR?
10 : wherein:

Ri and R2 are independently a C;-C)g linear or branched alkyl or

alkoxyalkyl.

9. The compound of any one of claims 3-8, wherein R' and R* are
15 independently selected from the group consisting of methyl, ethyl, n-butyl,

isobutyl, isoamyl, and 2-ethylhexyl.

10.  The compound of claim 9, wherein R' and R? are independently selected

from the group consisting of methyl, ethyl, and n-butyl.

11. A method for preparing a compound of any one of claims 1-8, or mixtures
thereof, the method comprising:
a) providing an epoxidized fatty acid ester derivative and one or more of

levulinate ester, levulinic acid and angelicalactone;
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al providing an epoxidized fatty acid ester derivative and one or nore of
| evulinate ester, levulinic acid and angeli cal act one; b) effecting
the reaction between the conmpounds of a) in the presence of an acid

catal yst, wherein the reaction results in the formation of a conmpound of

claim1-8, or s.thereof asticiz pol ymer conposi tion
conprising: a) aXLBa g ﬁ@?ﬂor’g?%w %e)nwé %OWBE‘ﬁd)% ‘“&ng’i?ﬁeé‘n%?ts%ﬁ ai s
1-8. 13. The pIaaatchﬁgmee&ha@hmri@fea&mmm& i0fe PrmicH dPaledmpvhgr & n t he base
pol ymer 10is sel ecte fromthe group consisting of a vinyl chloride

pol yner, a pol yfese Itf ar §iiurss fesi§elat e) pol yner, and a pol ysacchari de
pol ynmer. 14. The plast|C|zed pol ymer conposition of claim 13, wherein the

base polyner |s VInY chloride polymer. 15
asticized polymer composition comprising:

a) abase polymer; and

b) acompound of any one of claims 1-8,

13.  The plasticized polymer composition of claim 12, wherein the base polymer
10 is selected from the group consisting of a vinyl chloride polymer, a poly(3-

hydroxylalkanoate) polymer, and a polysaccharide polymer,
14, The plés_ticiza_d polymer Acomposition of claim 13, wherein the base polymer

is vinyl chloride polymer.
13
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